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READY for BUSINESS 


We've got it all together—the cost effectiveness and reliability of our 6800 computer system 
with a high capacity 1.2 megabyte floppy disk system. . . PLUS—an outstanding new DOS 
and file management system. 
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1 MEGABYTE DISK SYSTEM type controller and double sided disks give the 


DMAF1 introduces a new level of capability to system speed of data transfer unobtainable with 
small computer systems. This disk system fea- smaller drives. 


tures two standard size floppy disk drives using 


the new double sided disk and two heads per OPERATING SYSTEM 

drive. Usable storage space of over 600 kilobytes To compliment this outstanding hardware we 
per drive, giving a total of over 1.0 megabyte of are supplying equally superior software. The 
storage on line at all times. Ideal for small busi- disk operating system and file management sys- 
ness applications, or for personal "super" sys- tem is called FLEX. It is one of the most flex- 
tms: ible and complete DOS's available for small sys- 


tems, but just as important; it is easy to use. 
No one can match the variety of compatible 


DMA CONTROLLER peripherals offered by Southwest Technical 
The controller occupies one main memory slot Products for the SS-50 bus and the 6800 com- 
in an 55-50 bus and uses the Motorola MC-6844 puter system. Now more than ever there is no 
DMA controller. The combination of a DMA reason to settle for less. 

DMAF1 Disk System (assembled) .............. licer $2,095.00 
DMAF1 Disk System {kit). DRMEC———— $2,000.00 
68/2 Computer with 40K of memory (assembled) .2....... 00000 cece en eaaee $1,195.00 


SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 
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— Model Z-2 
Up to 512K of RAM/ROM 


Modal Z-2D 
One or two disks 
Up to 542K of RAM/ROM 
Up to 184K of disk 


Dual disk 
Up to 512K of RAM/ROM 
Up to 184K ol disk 


Fill your computer needs 


with the industry's 


most professional microcomputers 


#1 IN RELIABILITY 
When you choose Cromemco you 
get not only the industry's finest 
try’s widest microcomputer selec- 
tion 


What’s more, you get a computer 
from the manufacturer that compu- 
ter dealers rate #1 in product re- 
liability." 

Your range of choice includes 
our advanced Three with 
up to four 8" disk drives. Or choose 
from the System Two and Z-2D with 
5" drives. Then for ROM-based work 
there's the Z2. Each of these com- 
puters further offers up to 32 mega- 
byte of RAM (or ROM). 

We say these are the industry's 
most professional microcomputers 
because they have outstanding fea- 
tures like these: 

* Z-80A microprocessor — oper- 
ates at 250 nanosecond cycle 
time — nearly twice the speed of 
most others. 

‘Rated In The 1977 Computer Store 
Survey PU Image Resources, Westlake 
Village, CA. 
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Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 


Up to 1 megabyte of disk 


e 21 card slots to allow for un- 


paralleled system expansion us- 
ing industry-standard S-100 
cards. 


+ §-100 bus — don't overlook how 
important this is. It has the in- 
dustry's widest support and Cro- 
memco has professionally imple- 
mented -it in a fully-shielded 
design. 


Cromemco 


Specialists in computers and periph 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 


eral 
asoro * (415) 964-7400 


+  Cromemco card support of more 
than a dozen circuit cards for 


a card for programming PROMs. 
e The industry's most professional 
software support, including FOR- 
TRAN IV, 16K Disk-Extended 


System — and more coming. 

* Rugged, professional all-metal 
construction for rack (or bench 
or floor cabinet) mounting. Cab- 
inets available. 


FOR TODAY AND TOMORROW 
Cromemco computers will meet 
your needs now and in the future 
because of their unquestioned tech- 
nical leadership, professionalism 
and enormous expandability. 
See them today at your dealer. 
There's no substitute for getting 
the best. 
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About the Cover: 


Robert Tinney's cover painting this 
month was inspired by the article, A 
Theatrical Lighting Graphics Package 
by William Hemsath, James Seawright, 
Emmanuel! Ghent and Mimi Garrard. 
While Cyrano soliloquizes, the tech- 
nical director in the wings keeps track 
of the lights with the aid of an in- 
genious graphics system. For more 
information see page 153. 


In This BUTE 


Last month, Larry Weinstein de- 
scribed the hardware for a program- 
mable character generator. This month, 
read A Programmable Character Gen- 
erator Part 2: Software and find out 
how to program your own special 
characters for APL programming, 
music graphics, and so on. Page 14 


Many computer experimenters buy 
surplus integrated circuits and have the 
sometimes tedious job of testing them 
to see if they work. Mark Thorson 
offers an elegant way around this 
problem with A Programmable IC 
Tester. For relatively little expense, 
readers can now construct a black 
box that will put virtually any TTL 
integrated circuit through its paces 
quickly and accurately. page 28 


Since the introduction of the com- 
puter over 30 years ago, we have been 
forced to use difficult, archaic, near 
alien languages in order to communi- 
cate our wishes to the machine. The 
development of a system which under- 
stands the human language has been 
slow in coming. Now, Harry Tennant 
takes the naturally "speaking" machine 
out of the realm of science fiction 
and places it right in the lap of the 
home experimenter. But don’t you 
need a huge machine to do that sort 
of thing, you protest? Read Natural 
Language Processing and Small 
Systems and discover the answer for 
yourself. page 38 
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Speech recognition is a key com- 
ponent of any software and hardware 
design for interesting systems ranging 
from mobile robots to the interactive 
and responsive house. To provide some 
background information on the com- 
plexities of the subject, Bill Georgiou 
has written an article entitled Give an 


Ear to Your Computer. page 56 
[o 
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page 56 


Craig A Pearce reviews two pro- 
grammable calculators from Hewlett- 
Packard in The HP-67 and HP-97: 
Hewlett-Packard's Personal Computers 
and describes Pinball Wizard, a simula- 
tion game he wrote to show off the 
two units. page 112 


Dr William H Norton discusses the 
potential impact of using microcom- 
puters on computer curricula in 
Notes on Teaching with Microcom- 
puters. His own experiences using the 
KIM-1 microprocessor for one of his 
own courses at Marycrest College, 
Davenport JA, illustrate their practi- 
cality, ease of use, and positive effect. 
Just as hand calculators revolutionized 
many types of instruction, so too will 
micros eventually be used to enhance 
computer education. page 138 


If you would like your computer to 
compose music for you, read Tom 
O'Haver's More Music for the 6502. 
There you will find a simple way to 
use the complicated sounding tech- 
nique of first order stochastic control 
to create your own software sonatas 
and FIFO fugues. page 140 


MIGH SPEED 
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COMPUTER SYSTEM 
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page 142 


Would you like to try your hand at 
speech synthesis on your computer? 
Steve Ciarcia shows you how to make 
use of your programmable memory to 
store and play back digitized speech in 
Talk to Me! Add a Voice to Your 
Computer for $35. page 142 


An unusual and creative use of 
microcomputers and video displays is 
described in A Theatrical Lighting 
Graphics Package by William Hemsath, 
James Seawright, Emmanuel Ghent 
and Mimi Garrard. The authors' sys- 
tem consists of a simple modification 
to a Processor Technology VDM-1 
video display enabling it to simultane- 
ously display five graphs of theatre 
lighting intensity versus time. page 153 


[n part 2 of GRAPH: A System for 
Television Graphics authors John Web- 
ster and John Young complete their 
discussion of a package for use with 
videotape studio equipment in edu- 
cational audio visual contexts. 

page 158 


Does your computer have high 
fiedelity? We don't mean to imply that 
it lacks character if it doesn't, but 
as Tom O'Haver shows in his article 
on Audio Processing with a Micro- 
computer it is possible to use the 
capabilities of a personal computer 
to do some interesting real time audio 
processing tasks such as reverberation, 
phlanging and “fuzz.” page 166 


The fixed disk may soon become a 
fixture in personal computing, and the 
ability to store 30 megabytes of 
memory on line will have a major 
effect on the way we look at software. 
Read A Look at Shugart's New Fixed 
Disk Drive by Senior Editor Chris 
Morgan. page 174 
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Articles Policy 


BYTE is continually seeking quality 


manuscripts written by individuals who 
are applying personal computer systems, 
designing such sysiems, or wha have 
knowledge which will prove useful to 
our readers. Far.a mare formal descrip- 
tron of procedures and requirements, 
potential authors should send a self- 
addressed, stamped envelope ta BYTE 
Authors’ Guide, 70 Main Si, Peter- 
borough NH 03458, 

Articles which are accepted are 
purchased with a rate of up ta $50 per 
Magazine page, based on technical 
quality and suitability for BYTE's 
teadership. Each month, the authors 
of the two isading articles in the reader 
poll (BYTE's Ongoing Monitor Box or 
"BOMB'") are presented with bonus 
checks of $100 and $50, Unsolicited 
materials should be accompanied by full 


name and address, as well as return | 


postage. E 
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Memory: The Growth 


of a Resource 


Once upon a time, | had a telephone con- 
versation with a gentleman whose name | 
cannot recall. This gentleman was an ardent 
experimenter, both personally and profes- 
sionally, and was working on the develop- 
ment of a personal microprocessor system. 
He knew electronics inside and out, under- 
stood the principles of integrated circuits, 
could predict whether or not a given wire 
would have to be analyzed as a transmission 
line or could be treated simply as an inter- 
connection, and knew how to calculate 
worst case conditions in a circuit. He was 
getting into microprecessors with the intent 
of learning enough about computing to 
enable him to incorporate them into his 
designs. | must have talked to him shortly 
after he had begun his project, but certainly 
before it had been completed to the state 
of a "working" processor. Given this back- 
ground, he was able to come up with the 
statement, ‘Nobody will ever need more 
than 1 K bytes of memory for the personal 
computer. To use any more would indicate 
a lack of efficiency in the design." 

| don't believe that this gentleman still 
holds this opinion, especially if he has pro- 
ceeded into the world of programming and 
using a computer. 

Then a little bit later in my experiences, 
| was having a conversation with a friend of 
over a decade's acquaintance concerning 
various topics of small computer design and 
utilization. Now this friend of mine has had 
a quite thorough background not in engi- 
neering, but in systems software, and is quite 
familiar with the process of aliocating mem- 
ory on a large system in lumps of 100 K 
bytes or more if the occasion arises. He's 
lately been enamored of the concept of 
interpretive languages with dynamic symbol 
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ILLINOIS 
Arlington Heights 
Niles 
Oak Lawn 
KENTUCKY 
Louisville 
MARYLAND 
Rockville 
MICHIGAN 
Grand Rapids 
Detroit 
MINNESOTA 
Minneapolis 
NEW HAMPSHIRE 
Nashua 
NEW JERSEY 
Cherry Hill 
Fair Lawn 
Morristown 
NEW YORK 
Buffalo 
Ithaca 
OHIO 
Cleveland 
OREGON 
Portland 
TEXAS 
Austin 
Houston 
WASHINGTON 
Bellevue 
Federal Way 
Tacoma 


WASHINGTON, D.C. 


WISCONSIN 
Madison 
INTERNATIONAL 


Sydney, NSW Australia 


Computerland 


(205) 539-1200 


{415} 828-8090 
(415] 233-5010 
(415) 538-8080 
(213) 776-8080 
{714} 770-0131 


Calt Directory Assistance 


(714) 560-9812 
1415) 546-1592 


Call Directory Assistance 


(415) 572-8080 


Call Directory Assistance 


1805) 495-3554 
12131 371-7144 
(7141 544-0542 
(415] 835-6502 
(303) 759-4685 
1203) 374-2227 
(302) 738-9656 
i404! 953-0406 
(312) 255-6488 
1312) 967-1714 
(312) 422-8080 
[502) 425-8308 
(301] 948-7676 


(618) 942-2931 
1313] 355-8111 


Call Directory Assistance 


1603) 889-5238 


Call Directory Assistance 
Call Directory Assistance 


(201) 538-4077 


(716) 836-6511 
i607) 277-4888 


(2716) 461-1200 
1503! 620-6170 


1512) 452-5701 
{713} 977-0909 


1206) 746-2070 
(206) 838-9363 
(206) 581-0388 


Call Directory Assistance 


Call Directory Assistance 


29-3753 


The Best Game in Town. And if your system breaks down. 
our in-store service department 


Welcome to ComputerLand. will get you back up and 


An incredible adventure into running. 
the world of personal 
computers. A one-of-a-kind Right now! 


shopping experience. 
Great Selection. 
Each ComputerLand store 
presents everything you ever 
wanted fo know about 
computers. And then some. 


Your first stop at ComputerLand 
may well be your last stop. 


ComputerLand offers the finest 
Take our Game Room, for quality and 
starters. You'll find excitement 
for the whole family in our 
endless variety of challenging q a 

computer games. You can battle the Klingons in an 

out-of-this-world game of StarTrek. Create an elec- í [^4 
tronic work of art with a computer controlled TV. Test 
your skill In a game of computerized hangman, 


You can even plot your biorhythm, 


But we're more than Just fun and games. a 
Each ComputerLand store offers a ~ 


knowledgeable and person- T 


able staff of professionals 
A 


Er | 


largest selec- 
tion of all the 
major brand names. 
Like Apple Computer, 
Cromemco, DEC, Diablo, 
Hazeltine, ICOM. IMSAI, Lear Siegler, 

National Semiconductor, North Star, Texas 
Instruments, Vector Graphics and more. 


to serve you, . 
Plus the greatest avail- Plus a complete inventory of tools, books and accessories. 
able selection of micro components. Whether It’s a data 
processing system for your business or a computer controlled 
sprinkler system for your home, you'll find whatever you need 


What's more, at ComputerLand, we deal in product. Not 
promises. Our inventory is on our own shelves. Rather than the 
manufacturer's. So you can take delivery on tomorrow's com- 


at ComputerLand. nica: 
eer Which means. 
Genuine Service. simply put, that at 

ComputerLand, you 
We want to supply get exactly what 
you with the one you want. 
system that's right. 
Rather than a cor- Exactly when you 
plete system that isn't, want it. 
Imit 

"dn d nm Be Our Guest. 
That's why, at Com- Begin with the 
puterLand, you deal grand four of our 
with real professionals exhibit areas. "Test- È 
who are also real drive" any of our j 


people. People who individual systems. 


speak your language m 
.. . in addition to BASIC, COBOL or FORTRAN. Then tell us your needs. We'll sit down and talk about the system 


that’s rightfor you. It's as easy as that at ComputerLand. 


People, in short, who can offer both the novice and 
the old hand the same expert guidance in selecting 
the optimum system he or she needs. 


The great computer store. RATED G. 


Call or write for the address of the ComputerLand store nearest you. 
Yet, assisting In the purchase is only the beginning of Franchise opportunities available. 


CompurerLand's service. If the kit you bought requires a C k L | 
If that compiex program proves to be just that, we provide | 


little more do-it-yourself than you yourself can do. we 
provide assembly assistance. 
programming assistance, 14400 Catalina Street, San Leandro, CA 94577 (415) 895-9363 
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Sol Terminal Computer 


The answer is a 


It’s the serious 
solution to the 
small computer 
question. 


Sol Systems are the key to effective, economical 
small computer power. Sol Systems give you the force of a 
powerful general purpose computer, the problem solving 
capability of high level languages and the operational simplicity 
of everyday office equipment. 

From the ground up, Sol Systems were designed to do 
a complete job without adding a load of costly extras. In fact, 
when you compare the "everything included" price of 
a quality, field proven Sol System with anything else on the 
market, you'll be happily surprised to find out how little 
the extra performance and convenience costs. 


For example, complete Sol Systems with 16,384 bytes 
of RAM memory start at less than $2500* Expanded systems 
with 49,152 bytes of RAM memory, 1.5 million bytes of 
on-line disk memory, disk operating system and Extended 
Disk BASIC cost less than $8000* Both systems are fully 
assembled, burned- in, tested and ready to go. 


Sol Compatibility 

Sol Systems feature the S-100 bus for pin-to-pin 
compatibility with a wide variety of add-on devices such as 
voice input and computer graphics. Standard Sol 
parallel and serial interfaces will drive most standard printers, 
modems and other peripherals. 


A word about languages 

No system is complete without software, and at Processor 
Technology we have tailored a group of high level languages, 
an assembler and other packages to suit the wide capabilities 
of our hardware. 

Take a look at our exclusive Extended BASIC as an example. 
In cassette form, this BASIC features string and advanced 


*U.S. prices only. 


Finn. | Comm 


Sol System. 


file handling, special screen commands, timed input, complete 
matrix, logarithmic and trigonometric functions, exponen- 
tial numbers, 8 digit precision and square root. The language 
handles serial access files, provides tape rewind and 
offers cursor control for graphics capability. 

The disk version has all the number crunching talents 
of the cassette BASIC plus instant access to data and programs 
on floppy disks. It includes random as well as sequential 
files and a unique ability to update sequential data in place. 

Processor Technology FORTRAN is similar to FORTRAN IV 
and has a full set of extensions designed for the "stand alone" 
computer environment. Thousands of special application 
programs available through books and periodicals have already 
been written in this well established language. 

Processor Technology PILOT is an excellent language 
for teachers. It isastring-oriented language designed expressly 
for interactive applications such as programmed instruction, 
drill and testing. 


No wonder we call it the serious solution 
to the small computer question. 
It's the small computer system to do the general ledger and 


the payroll. Solve engineering and scientific problems. 
Use it for word processing. Program it for computer aided 
instruction. Use it anywhere you want versatile 

computer power! 


Sold and serviced only by the best dealers. 

Sol Systems are sold and serviced by an outstanding group 
of conveniently located computer stores throughout the 
United States and Canada. They are also available in Australia, 
Europe, the United Kingdom, Central America, South 
America, Japan and Singapore. 

For more information contact your nearest dealer listed on 
the following page. Or write Department B, Processor 
Technology Corporation, 7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone (415) 829-2600. 
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See Sol at all these fine 
computer centers. 


ALABAMA 
Birmingham......... ICP— Computerland 
(205) 979-0707 
CALIFORNIA 
Costa Mesa..... .......- Orange County 
Computer Center (714) 646-0221 
Hayward...........2..06- The Byte Shop 
(415) 537-2983 
Hayward. ...... cece eee Computerland of 
Hayward (415) 538-8080 
Lawndale............006. The Byte Shop 
(213) 371-2421 
Modesto. ........---05. Computer Magic 
(209) 527-5156 
Mountain View........ suus Digital Deli 
(415) 961-2670 
San Rafael........ ..... The Byte Shop 
(415) 457-9311 
Tarzana............ Byte Shop of Tarzana 
(213) 343-3919 
Walnut Creek ............- The Byte Shop 
(415) 933-6252 
COLORADO 
Boulder... .............. The Byte Shop 
(303) 444-6550 
Denver... . ... asaras The Byte Shop 
(303) 399-8995 
FLORIDA 
Ft. Lauderdale. ............ Byte Shop of 
Ft. Lauderdale (305) 561-2983 
Miami. .......... . Byte Shop of Miami 
(305) 264-2983 
Tampa: vbt Microcomputer 
Systems Inc. (813) 879-4301 
GEORGIA 
Atlanta............ Atlanta Computer Mart 
(404) 455-0647 
ILLINOIS 
Schaumburg . ...... s... The Data Domain 
(312) 397-8700 
IOWA 
Davenport ........... The Computer Store 


of Davenport (319) 386-3330 


MARYLAND 
TOWSON... eek ess eee Computers, Etc. 
(301) 296-0520 
MICHIGAN 
Ann Arbor . ...... The Computer Store of 
Ann Arbor (313) 995-7616 
MINNESOTA 
Minneapolis....... resa Computer Depot 
(612) 927-5601 
NEVADA 
Reno........... weet Byte Shop of Reno 
(702) 826-8080 
NEW JERSEY 
Cherry Hill,......... Computer Emporium 
(609) 667-7555 
Iselin... ilie. The Computer Mart of 
New Jersey (201) 283-0600 
NEW YORK 
Endwell ;..5.4 ase eR The Computer Tree 
(607) 748-1223 
New York... «Ine Computer Mart of 
New York (212) 686-7923 
White Plains. ....0.....4,. The Computer 


Corner (914) 949-3282 
NORTH CAROLINA 


Raleigh.. .. . . .... .. ROMs 'N' RAMS 
(919) 781-0003 
OHIO 

ARON c eds Basic Computer Shop 
(216) 867-0808 
Columbus ....-. cece eae The Byte Shop 
(614) 486-7761 
Dayton... .... ... ,.. Computer Mart of 
Dayton (513) 296-1248 

OREGON 
Beaverton...... ... Byte Shop Computer 
Store (503) 644-2486 
Eugene.... . ... RE The Real Oregon 
Computer Co. (503) 484-1040 
Portland............ Byte Shop Computer 


Store (503) 223-3496 


RHODE ISLAND 

Computer Power, Inc. 
(401) 738-4477 

SOUTH CAROLINA 


Columbia, 6, sses serro The Byte Shop 
(803) 771-7824 
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TENNESSEE 
Kingsport............... Microproducts & 
Systems (615) 245-8081 
TEXAS 
Arlington...............2. Computer Port 
(817) 469-1502 
Houston........... interactive Computers 
(713) 772-5257 
Lubbock........ Neighborhood Computer 
Store (806) 797-1468 
VIRGINIA 
McLean.......... The Computer Systems 
Store (703) 821-8333 
WASHINGTON 
Bellevue. .......... Byte Shop Computer 
Store (206) 746-0651 
WISCONSIN 
Madison... ...... The Madison Computer 
Store (608) 255-5552 
Milwaukee..... EPEE The Milwaukee 


Computer Store (414) 259-9140 
WASHINGTON, D.C. 


Washington, D.C.. . Georgetown 
Computer Store (202) 362-2127 


CANADA 


London, Ontario........... The Computer 
Circuit Ltd. (519) 672-9370 
Toronto, Ontario............u.. Computer 
Mart Ltd. (416) 484-9708 
Vancouver, B.C........... Basic Computer 
Group Ltd. (604) 736-7474 
Vancouver, B.C.......... Pacific Computer 
Store (604) 438-3282 
AUSTRALIA 
Victoria....,......-. Sontron Instruments 
(03) 569.7867 
PHILIPPINES 
San Juan, Metro Manila........ Integrated 
Computer Systems, Inc. 
JAPAN 
TOKYO sores aie caked Moon base Shinjuku 


(03) 375-5078.5079 


Circle 305 on inquiry card. 


THE IMPORTANCE OF COLOR 
GRAPHICS 


The editorial about the importance 
of color graphics (October 1977 BYTE) 
touched on some issues that go much 
deeper than most people suspect. The 
story about the professional who asked, 


Photo 1. 


Photo 2. 


"Why would anyone ever want a per- 
sonal computer?" has several variations 
that further illustrate the misunder- 
standings that can arise. For example, 
there is the listener to a computer based 
music system who asks, ''Isn't that just 
a fancy new kind of record player?” 
Aside from obvious acoustic differences 
(our system plays real organ pipes—talk 
about hi fil}, the answer is, "Yes, if all 
you do is listen." But that's not the 
purpose of the system at all —it's meant 
to be manipulated, to be used by crea- 
tive experimenters, that is, by artists. 

A good example of the consequence 
of this creative viewpoint is the work of 
a high school physics teacher (Mike 


Continued on page 98 


PERCOMS iecit at testes 
FLOPPY DISK SYSTEM 
EDS 


only ET. = 


The LFD-400 is ready to plug in and run 
the moment you receive it. 
Nothing else to buy! Not even extra memory! 


YOU GET: 
@ The popular Shugart SA 400 minifloppy™ drive. Drive alignment 
is double checked by PerCom before shipment. 
@ The drive power supply—fully assembled and tested. 
© LFD-400 Controller/Interface— plugs into the SS-50 bus » 
accommodates three 2708 EPROMs : fully assembled and tested. 
© MINIDOS™ —the remarkable LFD-400 disk operating system on 
a 2708 EPROM « plugs into the LFD-400 Controller card * no 
extra memory required » no “booting” needed. 
Attractive metal enclosure. 
© Interconnecting cable—fully assembled and tested. 
€) Two diskettes —one blank, the other containing numerous 
software routines including patches for SWTP 8K BASIC and the 
TSC Editor/Assembler. 
© 70-page instruction manual—includes operating instructions, 
schematics, service procedures, and the complete listing of 
MINIDOS™. 
(8) Technical Memo updates —helpful hints which supplement the 
manual instructions. 
@ 90-day limited warranty. 
Minilioppy ts a trademark of Shugart Associates 
MINIDOS is a trademark of PERCOM Data Company, Inc. 


The LFD-400 is readily expanded to either two or three drives. 
Write for details. Send for our free brochure for more informa- 
HE about the LFD-400 Floppy Disk System and LFD-400 
software. 


To save you money, the LFD-400 Floppy Disk System is available 
only from ParCom. Because of the special pricing, group and 
dealer discounts are not available. 


MG and VISA weicome. COD orders require 30% deposit plus 5% handling charge. Allow three 
extra waeks if payment is by personal check. The LFD-400 Floppy Disk System is availabla 
eee Atow ihres weeks for testing and transportation. Texas residents add 5% 
sales tax. 


PERCOM DATA COMPANY, INC. 
DeptB 318 BARNES- GARLAND, TX. 75042 
(214) 272-3421 


PERCOM™ ‘peripherals for personal computing’ 
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enjoy the real satisfaction a personal 
computer can bring, today and 
in the future. 


15 colors & hi-resolution 


(i 
W.. personal computer will be 


most enjoyable and rewarding for you? 
Since we delivered our first Apple® II 
in April, 1977, more people have chosen 
our computer than all other personal 
computers combined. Here are the 
reasons Apple has become such an 
overwhelming favorite. 

Apple is a fully tested and assembled 
mainframe computer. You won't need 


to spend weeks and months in assembly. 


Just take an Apple home, plug it in, 
hook up your color TV* and any cassette 
tape deck — and the fun begins. 

To ensure that the fun never stops, 
and to keep Apple working hard, we've 
spent the last year expanding the Apple 
system. There are new peripherals, 
new software, and a 16-chapter Owner's 
Manual on “How to Program in BASIC? 
There's even a free Apple magazine 
to keep owners on top of what's new. 

Apple is so powerful and easy to use 
that you'll find dozens of applications. 
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There are Apples in major universities, 
helping teach computer skills. There 
are Apples in the office, where they're 
being programmed to control inven- 
tories, chart stocks and balance the 
books. And there are Apples at home, 
where they can help manage the family 
budget, control your home's environ- 
ment, teach arithmetic and foreign 
languages and, of course, enable you 
to create hundreds of sound and 
action video games. 

When you buy an Apple II you're 
investing in the leading edge of 
technology. Apple was the first com- 
puter to come with BASIC in ROM, 
for example. And the first computer 
with up to 48K bytes RAM on one 
board, using advanced, high density 
16K devices. We're working to keep 
Apple the most up-to-date personal 
computer money can buy. Apple II 
delivers the features you need to 


graphics, too. 
Don't settle for a black and white 
display! Connect your Apple to 
a color TV and BASIC 
gives you instant 


command of 

ay y three display 

^ modes: Text, 

40h x 48v Color- 

graphics in 15 colors, 

and a 280h x 192v High 
esolution array that lets 
‘you plot graphs and com- 
ose 3-D images. Apple gives 
ou the added capability of 
combining text and graphics, too. 


Back to basics, and 
assembly language too. 


Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have an easy to use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HLIN, PLOT and SCRN. And direct 
memory access, with PEEK, POKE 
and CALL commands. 


Software: 
Ours and yours. 
There's a growing selection of pre- 
programmed software from the Apple 
Software Bank — Basic 
Finance, Checkbook, High 
Resolution Graphics and 
more. Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 


by other Apple owners. Our Software 
Bank is your link to Apple owners all 
over the world. 


Alive with 
the sound 
of music. 
Apple's ex- 
clusive built-in 
speaker delivers 
the added dimension of sound to your 
programs. Sound to compose electronic 
music. Sound to liven up games and 
educational programs. Sound, so that 
any program can "talk" back to you. 
That's an example of Apple's "people 
compatible" design. Another is its light, 
durable injection molded case, so you 
can take Ápple with you. And the 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, 
error-free operator interaction. 


Apple is the 
proven computer. 
Apple is a state-of-the-art single 
board computer, with advanced LSI 
design to keep component count to a 
minimum. That makes it more reliable. 
If glitches do occur, the fully socketed 
board and built-in diagnostics sim- 
plify troubleshooting. In fact, on our 
assembly line, we use Apples to 
test new Apples. 


Apple peripherals 
are smart peripherals. 
Watch the far right column of 
this ad each month for the latest in our 
growing family of peripherals. We call 
them "intelligent interfaces." They're 
smart peripherals, so you can plug 
them in and run them from BASIC 
without having to develop custom soft- 
ware. No other personal computer 
comes close to Apple's expandability. 
In addition to the built-in video inter- 
face, cassette I/O, two A/D game pad- 
dles, and two more A/D inputs, Apple 
has eight peripheral slots, three TTL 
inputs and four TTL outputs. Plus a 
powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals, including two disks. 


Asailable now. 


Apple is in stock and ready for 
delivery at a store near you. Call us for 
the dealer nearest you. Or, for more 
details and a copy of our "Consumer 
Guide to Personal Computers,” call 
800/538-9696 
or write Apple 
Computer, Inc., 
10260 Bandley 
` Drive, Cupertino, 


/ xc ] ò CA 95014. 


sappie computer: 


Programming is a snap! 
I'm halfway through Apple's BASIC 
manual and already I've programmed 
my own Star Wars game. 


Those math programs I wrote 
last week -l just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 


New from Apple. 


Introducing the Apple 
Communication Interface 
Apples of the world unite! Now 
you can, with our new intelligent com- 
munication interface card. Just plug 
it in and it turns your Apple into an 
intelligent terminal that can go on line 
with other terminals, 
time-sharing 
computers and, 
especially, with 
other Apples. 
You can even 
play Tele-Pong! 
Everything you 
need is on one 
small card. 
With a modem, 
it enables your 
Apple to communi- 
cate by phone at 110/300 baud RS232 
full duplex I/O. The card is fully as- 
sembled and tested and has all re- 
quired software in on board ROM. 
It's controlled by simple BASIC com- 
mands. And it's available from stock. 


Peripherals in stock 


Hobby Board, Parallel Printer Inter- 
face, Communication Interface. 


Coming soon 

High speed serial printer interface, 
General purpose serial interface, 
Printer II, Printer IIA , Disk II, 
Monitor II. 


* Apple I] plugs into any standard TV using 
an inexpensive modulator (not included). 


TITTTUPITITE 
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Apple's smart peripherals make 
expansion easy. Just plug 'em in and 
they're ready to run. I've already 
added two disks, a printer and the 

communications card. 


A Programmable 
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Character Generator 


Larry Weinstein 
Objective Design Inc 
POB 20325 
Tallahassee FL 32304 


In part 1 last month (page 79), we saw 
that a programmable memory could be 
substituted for the character generator read 
only memory in a video display to create and 
use special character sets tor special computer 
applications. With a small amount of addi- 
tional software overhead, it is also possible 
to control high resolution screen graphics. 
The techniques for using the programmable 
character generator are detailed this month, 
and examples are presented. 


Modes of Operation 

Each character to be portrayed by a 
typical video display generator is represented 
by an 8 bit binary code, labeled BO to B7. 
B7 often is not used for character selection, 
but rather serves a special hardware func- 


Figure 


Part 2: Software 


tion: Lo key in reverse video, in the Processor 
Technology VDM-1, for example. The 
remaining seven bils are used to select from 
the 128 possible ASCII characters. These 
128 characters are shown in figure 1. The 
programmable character generator allows the 
user to substitute, for some or all of these, 
characters created by the user (see figure 
2). In each case the 7 bit code is used as 
an address in the character memory. 

Programmable character generator cir- 
cuitry selects the character data according 
to information present in the code itself 
and the operation mode. There are five 
such modes: fixed normal, fixed graphics, 
command, programmed, and automatic 
(part 1 of this article gave details on the 
selection process). In fixed normal, the 
programmable memory is never accessed. 
For the fixed graphics, command, and 
programmed modes, there is a simple con- 
nection between the character code and the 
programmable memory locations used to 
describe the characters. 


I: The ASCH character set, The seven bits of the ASCH code indicate which of the 128 


possible characters will be generated. The data used for producing these characters is usually 


stored in a character generator read only memory. 


LOW 4 BITS OF ASCII CODE 


HIGH 4 BITS } 


2 
UPPER 3 
CASE 
SET 4 E JF 
5 T 
6 Te alie 
EFIE CA 
7 


THIS FLOPPY IS 
NO FAIRY TALE. 


system for your micro. All those fanciful yarns of 
capabilities, specs, and delivery. Some would put 
Uncle Remus or Scheherazade to shame. 

Meet EXP—our no-nonsense, down-to-earth, full- 
sized floppy system. Check its benefit list. Then make 
inquiries with a technical advisor or your friendly 
computer shop before making a buying decision. Our 
Macro EXP Disk System offers you: 


1. A Darned Good Price for 
What You Get. 


Here's a complete dual-drive floppy with full-sized 8” diskettes 
for under $2,000. No high-priced options; great standard 
features. Why not pay a little more now for a lot later? 


2. Rapid-fire Delivery. 


Get a fully assembled, tested floppy system in four weeks or 
less— not in several months, maybe. 


I can be confusing to choose the right floppy disk 


XA 
ler uis 


CET 


(iz 
BE 
^ Er 


3. Super Expandability. 


EXP Memorex drives are the only ones you can convert to 
double-headed later (cost: $300 each). Our optional double- 
density controller (also $300) doubles the disk's density. In- 
crease your original dual-drive system's capacity to over two 
megabytes! 


4. Unmatched Reliability. 


Our super-reliable Memorex EXP drives carry a six-month 
warranty. No other competitor can make that statement. 


LED 
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5. Up to Your Eyes in Software. 


Our floppy's disk controller features IBM 3740 compatibility 
and CP/M* formatting (the industry standard). Choose be- 
tween BASIC and FORTRAN, or complete business appli- 
cation and word processing packages. 


6. Fabulous Flexibility. 


Our floppy gets along with everybody. Optional 1/O drivers 
for the SOL let you get started now with an industry standard 
floppy disk system. 


7. We Like to Keep It Simple. 


EXP’s no kit. It's assembled, tested and raring to go to work. 
A serial 1/0 port on our controller makes it a snap to bring 
the system up. No patching or fussing. Just hit the button. 


8. Comfy Compatibility. 


All EXP's are fully compatible with S-100 bus systems with 
at least 16K of memory. 

Never fear. EXP's here— with the whole floppy for under 
$2K. Don't be timid or "mini-minded? Get the best now— for 
today and tomorrow. We'll take care of the technical stuff. 
You do the rest. For details, contact your nearest dealer or 
query us direct. 


P.S. Be sure to ask about "Z-Plus"—our sensational new 
computer system that includes a Z-80 processor with 32K of 
memory, serial [/O ports and EXP series drives — with prices 
starting below 54,000. 


* CP/M is a trademark of Digital Research, Inc. 


Where there's always 
more in store. 
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524 UNION STREET 
SAN FRANCISCO, CA. 94133 
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HIGH 4 LOW 4 
BITS BITS 
ISTIS Tee] - ase cove 


SELECT 
{OF 128 


BLOCKS 


CONTROL 
HARDWARE 
FUNCTION 


SELECT DATA 
IN THE 

CHARACTER 
GENERATOR 


CHARACTER 


CHARACTER 


PROGRAMMABLE LA 


CHARACTER 
GENERATOR 
MEMORY 


(6 BYTES 


3 steal 


Figure 2: Decoding the code byte. The highest order bit of the 8 bit code is used for control 
hardware functions (such as reverse video). The remaining seven bits select character blocks in 
the character generator read only memory, the programmable character generator, or both 
(depending on what mode of operation is being used). Each data block consists of 16 bytes 
with eight bits. The 1s and Os are converted to screen dots and spaces by the hardware. 


The programmable memory is divided 
into 128 blocks of 16 bytes each, proceed- 
ing from low to high memory address. 
The seven code bits, from hexadecimal 
00 to 7F, locate the block of 16 bytes 
used to describe the character. This is ex- 
pressed by the simple formula for the ad- 
dress in memory of the first byte of a 
character block: 


Address = Base address + [16 X code] 


where “base address" is the lowest address 
of the programmable character generator 
memory, and "code" is interpreted as a 
number, 

Each byte represents one row of the 
screen dots that form the character. Row 0 
is the first byte (lowest address) in the 
block, and row 15 is the last byte (highest 
address). We are tempted at this point to say 
that row O appears at the top of a char- 
acter space on the screen and row 15 at the 
bottom. But this is not always true, due to 
some hardware tricks in the various video 
display devices. For instance, in the Proc- 
essor Technology VDM-1, row 15 is on the 
top, followed by row 0 and the other rows 
in order to 12. Since row 15 is always blank 
when generated by the character generator, 
this is not normally apparent. With program- 
mable character generator characters, 
though, it will have an effect and must be 
dealt with in the hardware or software. 
We will assume, for now, that the rows are 
projected in numerical order. 

The division of the programmable char- 
acter generator’s memory is slightly altered 


for the automatic mode (see figure 3). In 
this mode the 128 codes are split between 
the character generator and the program- 
mable memory, with 64 characters being 
generated from each. The character gen- 
erator produces all of those characters in 
what is normally known as the “upper case 
set." The remaining characters come from 
the programmable memory. 

It is unfortunate that the split does not 


CONTROL 
CHARACTER 
CODES 


EXISTING PROGRAMMABLE 
CHARACTER CHARACTER 
GENERATOR GENERATOR 


Figure 3: Automatic mode. in this mode, 
the upper case characters come from the 
existing character generator while the con- 
trol character and lower case codes auto- 
matically reference 64 special characters in 
the programmable character generator mem- 
ory. This is probably the most convenient 
mode of operation for many applications, 
since the normal upper case character set fs 
available along with the special graphics 
characters. 


Look To The North Star HORIZON Computer. 


HORIZON ™— a complete, high-performance microprocessor 
system with integrated floppy disk memory. HORIZON is 
attractive, professionally engineered, and ideal for business, 
educational and personal applications, 


To hegin programming in extended BASIC, merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor, 
16K RAM, minifloppy™ disk and 12-slot S-100 motherboard 
with serial terminal interface — all standard equipment. 


WHAT ABOUT PERFORMANCE? 

The Z80A processor operates at 4MHZ — double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 


AND SOFTWARE, TOO 

HORIZON includes the North Star Disk Operating System and 
full extended BASIC on diskette ready at power-on. Our BASIC, 
now in widespread use, has everything desired in a BASIC, in- 
cluding sequential and random disk files, formatted output, a 
powerful line editor, strings, machine language CALL and more. 


EXPAND YOUR HORIZON 

Also available — Hardware floating point board (FPB); addi- 
tional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical seríal and 
parallel 1/O ports may be installed on the motherboard. Many 
widely available S-100 bus peripheral boards can be added to 
HORIZON. 


QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS- 
TEM can be bought separately for either Z80 or 8080 S-100 bus 
systems. 
HORIZON-1 $1599 kit; $1899 assembled. 
HORIZON-2 $1999 kit; $2349 assembled. 


16K RAM — $399 kit; $459 assembled; Parity option $39 kit; $59 
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit; 
$259 assembled. Prices subject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 


Write for free color catalogue or visit your local computer store. 


NoOmrTH STAR * Computers 
2547 Ninth Street * Berkeley, California 94710 + (415) 549-0858 
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Figure 4: Some arbitrary special characters, The 16 bytes that form a charac- 
ier are projected onto a 16 by & grid, each bit corresponding to one space. 
The programmer can choose any combination of ls and Os to create filled and 


empty spuces, respectively. 


Photo F: An APL charac- 
ter set generated by the 
programmable character 
generator. 


take place in the center of the code num- 
bers, as can be seen from the ASCII chart 
in figure 1. In order to neatly separate the 
programmable memory into special char- 
acter and general purpose groups, the codes 
normally located in the top 512 locations 
can be moved to the second 51? spaces. 
[n this case the low address 1 K of memory 
is devoted to special characters and the 
upper 1 K is free for system use. Automatic 
mode is probably the most convenient, 
since the normal character set used by most 
software is available, along with 64 special 
characters. 
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Creating the Characters 


The 16 bytes which form a character are 
chosen in a straightforward manner. The 
bytes are projected onto a simple 16 by 8 
grid, where each bit equals one space. The 
spaces are roughly equivalent to dot spaces 
on the screen. The programmer constructs 
characters from filled spaces in the grid. 
When converted to data bytes, the filled 
spaces are 1s and the empty spaces are Os 
(sec figure 4). 

In many cases, the circuitry in the video 
display device allows only a subset of the 
16 rows to appear. Also, the cighth bit in 
each row is often left unused, although this 
can generally be “corrected” by an altera- 
tion. |t is not necessary to dig through 
video display device schematics to learn 
which rows and columns are projected. A 
study of character generator characters on 
the screen plus some trial and error work 
with the programmable character generator 
will quickly reveal character limits. 

The horizontal to vertical ratio of screen 
dot size is not 1:1 in most cases. For this 
reason, a grid composed of square spaces 
will not accurately portray the characters. 
The ratio of vertical to horizontal screen 
dot síze can be calculated by: 


Size * (V dots/H dots)(4/3) 


where 4/3 is the standard screen aspect ratio 
and V and H dots are the number of dots 
across the screen vertically and horizontally, 
respectively. For example, if each character 
is drawn on a 12 by 8 grid with a video 
display of 16 rows by 64 characters per row, 
one has: 


.. (16)(12) 4 
VíHsize = (64)(8) (8) ( | 


The grid should then be drawn with the 
vertical dimension of each space twice as 
large as the horizontal one. 


Character Set Examples 


There has been a great deal of interest 
lately in APL for microcomputers. The two 
great stumbling blocks have been writing 
the interpreter and displaying the unique 
APL character set. With the programmable 
character generator, producing the special 
character set is a trivial task (see photo 1). 

Several of the characters are plotted here 


"Our goal was fo produce 100% 
reliable business programs.” 


GENERAL LEDGER 


REFERENCE MANUAL 


"Ses 


GS 


“What do we mean by reliable programs? Three Our programs are comprehensive yet retain their 
things: good program design, documentation, and flexibility. They allow convenient backup, are easy 
full support. to use and have been thoroughly tested and field 
DESIGN Good program design meets a wide proven. 
variety of customer needs without reprogramming. DOCUMENTATION We consider the quality of 
the documentation to be as important as the 
age m programs themselves. That's why our manuals 


are clear, concise and complete. 


SUPPORT And when it comes to support we're 
second to none. We release periodic updates, 
answer your questions and are available to provide 
technical assistance. Now that's reliable.” 

Our growing Business Systems series currently 
includes: GENERAL LEDGER, ACCOUNTS 
RECEIVABLE, NAD (Name and Address File 
system), QSORT (full disk sort/merge), and 
CBASIC (a powerful business Basic). For details, 
contact our sales manager, Richard Ellman. 


Structured Systems Group 
Keith Parsons, President 5615 KALES AVE. DEPT. B6 OAKLAND, CA 94618 (415) 547-1567 


_ Alan Cooper, VP, Systems Development 
Cree 352 6n inguiry cara. All systems ate compatible with any 7-80 or ROBO CP/M' System 


Photo 3: Timing diagram created in the automatic mode of the programmable 


with a simple grid. The automatic mode is 
used for the entire alphabet since the upper 
case character set is still needed. Placement 
in the programmable character generator's 
memory determines the keyboard code (and 
therefore, which keys) the characters will 
match with, so using the SHIFT and CTRL 
keys with the upper case set will causc 
special characters to be displayed. The user 
can easily add labels to a key set to produce 
a full APL terminal (minus all of the pro- 
gramming, of course). 


PCG - BOBA TIMING DIRGRAM = 1 
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From this example, it should be obvious 
that any character set that will fit on the 
9 by 7 (or larger, to 16 by 8) matrix used 
by the character generator can be generated. 
Also, multiple character sets can be stored 
in memory and swapped in as needed. [n 
cases where more than 128 different char- 
acters are required, but all characters do not 
have to appear on the screen at one time, it 
is possible to dynamically create them. In 
this instance, a subset, possibly with only 
one element, of the set is swapped as 
required. 


Graphics 


The ability to create character sets 
implies some graphics capabilities. The 
simplest form of graphics will use an unusual 
character set, but still be handled as an 
alphabet. A good example is a set of musical 
notes (see photo 2). Each character is a 
single note, projected on the musical staff. 
The software overhead to create such a 
picture is very small, taking up less than 
half of the programmable character gen- 
erator memory. Using a high resolution 
point by point graphic display, the amount 
of time and software overhead required to 
generate such a picture might be much 
larger. 

At the next level of graphics, the hard- 
ware restrictions on the video display device 
begin to tighten. The ideal display is one in 
which there are no forced blank sections 
between the characters. This will enable us 
to build pictures from individual character 
elements. The next example is a timing 
diagram (see photo 3). In this case it is one 
for the 8080. The video display device used 
forces a single blank dot column between 
characters, which goes almost unnoticed. 
The diagram uses very few characters, but 
repeats them many times. Those who are 
applications oriented should note that stor- 
ing this picture, or any picture constructed 
from this character set, requires only 1K 
bytes for the screen memory and less than 
256 bytes for the characters. Even a system 
with limited mass storage could hold all of 
the 8080 timing diagrams and information 
on the signals. 

The bar graph picture in photo 4 is 
similar. However, its hardware restriction 
is mainly in the vertical direction. In this 
case it is best to eliminate the blanks be- 
tween rows of characters as much as pos- 
sible. Finally in the logic set (photo 5), 
the restrictions are tight in both horizontal 
and vertical directions. It should be re- 
membered that while the human eye is 
capable of noticing even the smallest flaw 
in a picture, the human brain will ‘‘inte- 
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The 8813 was built with you, the professional, in mind. You don't need to learn complicated computer lan- 

It quickly and easily processes cost estimates, payrolls, guages. The 8813 understands commands in English. If 
accounts, inventory, patient/client records and much you want to write your own programs, the 8813 includes a 
more. You can write reports, briefs, and proposals on simple computer language, BASIC, that you can master in 

the 8813's typewriter keyboard, see them on the video a few days. The 8813 slashes the professional's overhead. 
screen, and instantly correct, revise, or print them. It’s a powerful time and money-saving ally. Prices for 


Using the 8813, one person can process what would complete systems including printer start at less than $8,000. 


normally require many secretaries, several bookkeepers, See the 8813 at your local dealer or contact PolyMorphic 
and a great deal of time. And data storage takes a small Systems, 460 Ward Drive, Santa Barbara, California, 93111, 
fraction of the space used by previous methods. (805) 967-0468, for the name of the dealer nearest you. 


Systems 
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Photo 4; Bar graph created 
by the programmable char- 
acter generator. 


Photo 5: A logic diagram 
generated with the pro- 
grammable character gen- 
erator. 
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P.C.6, BAR GRAPH - 14 SPECIAL 
CHARACTERS 


Figure 5: Dynamic generation, The user can 
cause a special character (such as a space- 
ship) to move smoothly across the screen by 
using the technique of dynamic generation. 
During its travel, the character can over- 
lap up to four screen locations (the 
character is shown in color). Although the 
tota! number of characters needed to por- 
tray parts of the ship as it moves across the 
screen is quite large, only a maximum of 
four are needed at any time. These charac- 
ters are generated by mapping the image 
onto the programmable character generator 
memory, with the mapping function deter- 
mined by the screen position. 


grate" the available information and make 
up for most imperfections. 


Dynamic Generation 


The previous examples have utilized a 
simple character set with frequently repeated 
elements. Now let us consider a case where 
this is not sufficient. We have a figure (it 
could be a spaceship) which must move 
smoothly across the screen. Assuming it 
is the same size as a single letter, it may 
overlap as many as four screen spaces at 
one time (see figure 5). Although the total 
number of different characters used to 
portray parts of the ship as it moves on the 
screen is quite large, only four are needed 
at one time. The total information on the 
screen appearance of the ship is contained 
in a single picture, requiring perhaps 8 to 
12 bytes. The trick then is to dynamically 
create the one, two, or four characters 
needed at any one time from the basic ship 
picture bytes. This is done by mapping the 
image onto the programmable character 
generator's memory, with the mapping 
function determined by the screen position. 
For a changing object that also moves across 
the screen, it is only necessary to maintain 
different sets of picture "masters" from 
which to perform the mapping. If pictures 
larger than a single character space are 
required, they can be created by a repetition 
of the same process. 

The applications of the programmable 
character generator are as varied and numer- 
ous as the characters it creates. Once its use 
is mastered, there is virtually no character 
set or graphic that cannot be portrayed 
with very low overhead in cost, memory, 
and programming effort. The examples I’ve 
shown in these two articles are but the first 
doodlings l've done with a flexible and 
powerful kind of display hardware. Users 
of this technique will find their displays 
limited only by imagination.™ 
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The future belongs to those with The Blues 2-O), eliminating jumpers, priced at $149.50. 
from Cybercom. Seek out Cybercom's full and versatile line 


Join the growing number of users worldwide at your local computer hobbyist store, or 
who are discovering the exceptional quality, contact us directly, if you want to build a 
plus prompt delivery and significant cost world of the future today. 

savings. And the new year holds even more © CUDEICOT) 

promise now with our MB6A 8K RAM board d l l 

(450 NS) reduced to just $165, and our E bens re ch d i 

MB7 16K RAM board now only $449. Also, Santa Clara, CA 95050 


j à 4 M87 i6K 
you might want to check out our new Telephone (408) 246-2707 RAM board. 


(/O-4 board that offers two serial I/O ports 
(24 and 2-O) and two parallel ports (2-land Ask for The True Blues. 
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Model 500 Board 


A full 8K BASIC-in-ROM computer on a board. This unit 
contains a 6502 microprocessor with our powerful 8K 
BASIC-in-ROM, 4K of RAM memory, and a serial port 
which can be jumpered for 20ma current loop or RS-232. 
The board can be plugged into any standard OSI- 
backplane and expanded by our full line of accessory 
boards. The user must simply supply + 5V and — 9V power 
and the serial terminal to be up and running in BASIC. 
$298.00 


Challenger I.P 


Our very popular fully packaged BASIC-in-ROM computer. 
Challenger IIP contains the Model 500 CPU Board with 4K 
of RAM, our new 540 32x64 character video display, 
keyboard and complete audio cassette interface. The unit 
also has internal power supplies and a four-slot backplane 
with two open slots for expansion. The user has only to 
connect a monitor or modified television set to its output, 
and he is ready to program in BASIC To store programs 
and data files, he needs only to connect a conventional 
audio cassette recorder to the built-in audio cassette in- 
ape The unit is fully assembled and ready to go. 
59B.00 


1333 S. Chillicothe Road * Aurora, Ohio 44202 
(216) 562-3101 


Super Kit 


An ideal starter computer system. The Super Kit includes 
a Model 500 CPU Board with 8K BASIC in ROM, CPU, and 
4K of RAM, full buffering for expansion, an eight-slot back- 
plane board, and a Model 440 Video I/O Board. Model 440 
provides full CRT functions when connected to a video 
monitor or modified television set and a standard ASCII 
keyboard. The user must simply provide +5V and —9V 
power, an ASCII keyboard, and a modified television set or 
monitor to have a full computer system with 8K BASIC-in- 
Fire 4K user space and a CRT terminal with scrolling. 
398.00 


Challenger II Disk Systems 


The ultimate in personal computing offered by Ohio 
Scientific is the Challenger I! system with single- or dual- 
drive full-sized floppy disk. Each floppy stores 250,000 
characters. The Challenger Il is available as a video 
system with keyboard so that all the user needs is a televi- 
sion or monitor for operation; or as a serial version where 
the user must supply his own terminal. Challenger Il disk 
systems automatically load in BASIC and now have an ex- 
tensive library of high-performance programs. The pro- 
grams are ideal for the advanced hobbyist, educational 
users, industrial development and small business applica- 
tions. Challenger Il disk systems are very economical. For 
instance, a 16K disk system with 250,000 bytes of disk 
storage starts at under $2000.00 


For more information contact an Ohio Scientific 
dealer or send $1 for our 64-page buyers' guide. 
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0S-65U The New Standard 


in Micro Computer Operating Systems 


System design goals: Create a simple, curicise clash prouf operating aystem which is easy for busliieSs 
programmers to utilize and simpie for office workers (and other non-coriputerists) to use. The aysteim nust nave 
the highest performance in the microcomputer industry and nust be able to support present day floppy and hard 
disks as weil as tomorrow's CCD and bubble rmieiiurres without any user pogram modifications 

This may sound outiandisn bui we developed just such a systen: and here's how. 

First, we staried with a fresh copy of Microsoft's super fast 9a digit BASIC for the 6502 (This BASIC out 
benchmarks every other microcomputer BASIC using the 7 Kilobaud benuhinarke except tur our own ultra fast 6 
digit BASIC.) 

We knew ihai aii operating system corimands and features shuuld be an integral part of this BASIC 
language so we put them right in the BASIC Itself. 1 his means that all OS feaiuies can be accessed In the im- 
mediate or command mode and as part of BASIC progratits. All syntax such as tile hanes can De literal stris Or 
BASIC variables. 

We siarted with some simple but powerful extensioris to BASIC tu make the business system progiair 
mer happy- like $L,$R,INPUT #(D) and PRIN 1 &D).$Land $H are PHIN I subconnnanas which automatically output 
numeric data in dollars and whole ceins in neat cotumus just like NI USING only simpler and quicker 

The optional # specifier in LIST INPUT and PRIN f statenieits allows the usei to route I/O directly to the 
console i6 RS-232 ports, a cassette port RS-232 and parallel printer ports and word processing printers, wot to 
mention video displays and parallel keyboards. 

We ihen added a continuous rneniory file syste: the real aunievamentof OS-65U. I hie file in has 
no tacks, sectors oi records. The user sunply allucates stulaye capacity to each file when he creates it. (On a 
CD-74 Hard Disk this can be over 72,000,000 bytes ot characters.) The user can then directly address every entry in 
the file with no awareness ot any block sector or track structures. Data files can stiultaneously contain strings 
and pure numeric data. Files can be accessed sequentially and randomly. 

Data íiies are handled with staiidard syntax inuluding OPEN “File”. CLOSE (File), PRIN % (File) aid IN 
PUT % (Fila) and the very special INDEX (File). INDEX is a special BASIC variable! function which specifies the file 
address of the next entry to be input or output to that lile. It you leave it alune, it operates sequentially Howevel, 
you can change it at any time to force a random access. This remarkable function cain be un either side of a BASIC 
equation and can take on any value within the storage range of an opened file. For example, all of the following aie 
legal in OS-65U: 


INDEX (1) = INDEX(1) + 10 (Causes tU characters to be skipped) 

B = INDEX(1) (Sets B= current index) 
INDEX (3) = INDEX(8) /2 (Equates two file positiona, usetul i sorts and merges) 
INDEX (5) = A'50 (Sets up a random access on an array with 50 character elements) 


Where (N) is a channel nuinber or shorthand notation tor an open file, and 1s assiynea by 
the OPEN command. 

This may seem exotic but it is really super simple and inciedibly powerful. Besides your files always 
automatically revert to simple sequential operation if you choose tu lynure indexes. 

And. finally, for those of you who would really hate to Uive up plan old sequential files, we added a FIND 
command FIND searches for up to a 32 character string with optional "don t care Chaiacters and will 
automatically scan any file from the beylniing or other led index. The FIND cormiand is mipteiented in 
Siraight line page zero 6502 code (the fastest programming tech uh the fastest Nito) au Searcnes files al 
over 250,000 bits per second. 

Oniy three statements are needed tu support a sequential file ii a BASIC progiam, only fuu to suppurt à 
iandom file. A mere seven statements aie required to use an indexed sequential file iad part uf a piuyraii! 

A Benchmark: A Challenger lil equipped with all 74 running OS-65U cari access aity account enti y Hid 
500 account one million byte randomly ordered ledger file by an alphabetic key string up to 32 characters lung iri 
leas inan 40 milliseconds (typically) using a Sit ipte twu level ISAM flle su ucture supporied by a tutal poyi dni Wily 
10 statements long That's pertormance! 

OS-65U also hosts multilevel passwords, elaborate errur checking, programmable eno recovery and 
end user niceties like warnings and autoniatic recovery when att or non existent peripheral is accessed 
Programs and files in OS-65U can be fully secured so that they caino Le hated copied oi ever accessed 1 
desired. 

OS-65U is available now for use on any Umo Scientific fh ul haid disk Dased coniputer with 32K oF 
RAM or more. Ai $199, it's quite possibly the besi curtiputer ivesuuent you H evel ae 


1333 S. Chillicothe Road * Aurora, Ohio 44202 
(216) 562-3101 


The Challenger II System 


* Designed for small business computing. 


* Uses the 510 triple processor CPU Board, runs 6502, 
6800, 8080 and Z-80 programs. 


* Available with up to 1 Megabyte of RAM memory; high 
reliability static RAM is standard; low-cost dynamic RAM 
is optional. 


* Single- or dual-drive floppy disks store 250,000 
characters per surface — 3 to 4 times the storage of mini- 
floppies. 


* Supports our ultra-fast 6-digit BASIC (see "BASIC Tim- 
ing Comparisons," Kilobaud, Oct. 1977, p. 23, where Ohio 
Scientific out-benchmarks all of our competitors) and our 
new super-fast 9-digit business BASIC. 


* Powerful operating systems support all standard I/O 
ports dna multipie terminals, line printers, video 
display and disk. 


i Disk supports: sequential, random and index sequential 
iles. 


* Applications software, including: 

WP-1, a powerful disk-based Word Processor. 

DMS, a unique data-base management system which 
supports continuous disk addressing of up to 250,000 
characters per file. 

Complete business packages including Accounts 
Receivable, Accounts Payable, Ledger, Payroll, Inventory 
and Taxes. 


* Twofactory-supported terminal options and two factory- 
supported line printer options. 


* Optional 74-Megabyte hard disk for $6000. Reel-to-reel 
mag tape coming soon. 


* Optional 16-user operating system with time share and 
distributed processing capabilities. 


* Optional rack mounting and rack enclosures. 


* Leasing programs and maintenance contracts available 
through many dealers. Optional nationwide field service 
coming soon. 


* Challenger Ill systems have extremely high 

performance-to-cost ratios. For example, a system com- 

plete with triple processor CPU, 32K bytes of static RAM, a 

serial I/O port, dual drive floppy disks (BOOK bytes of on- 

line storage), fully assembled, plus DOS, BASIC and a 

al adda program library costs $3590 fully assem- 
ed. 
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For more information contact an Ohio Scientific 
dealer or the factory. Be sure to specify your interest 
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Photo 7: The prototype for the author's IC tester. The LEDs shown 
were not included in the final design of figure 1. 


A Programmable IC Tester 


About the Author 


Mark Thorson is cur- 
rently an undergraduate at 
the University of Cali- 
fornia at Berkeley major- 
ing in neurobiology, and 
has been working with 
digital logic since sixth 
grade. (Early efforts in- 
volved discrete com- 
ponents and incandescent 
lamps.) 


2B june 1978 C BYTE Publications Inc 


Mark Thorson 
1505 Spruce St 
Berkeley CA 94709 


The high cost of digital components can 
be significantly reduced by the construction 
of this simple test instrument. While com- 
ponents of questionable reliability have lung 
been available for a fraction ol their value, 
the experimenter has been unable to take 
full advantage of them for lack of an ade- 
quate means of component testing. This 
circuit, however, now offers such a means 
for the rapid and accurate screening of bar- 
gain components. 

Conventional component testing gen- 
erally takes the form of either building a 
prototype circuit and substituling devices 
until it works, or setting up a rig of lights 
and switches and testing each gate or flip 
flop on the chip individually. Although 
these procedures are sufficient for the 
construction of trivial circuits employing 
a small number of integrated circuits, 
neither is exacting enough nor fast enough 
to provide the quantity or quality of parts 
required for a well stocked electronics lab. 


The main weakness of both approaches 
is ther failure to check the devices in 
question under alf possible conditions of 
data. As an example, consider the 7400 quad 
NAND gate with the failure condition of an 
internal short between the input on pin 4 
and the output on pin 3. If this device is 
either tested in a circuit employing the quad 
NAND gate without using the input on pin 
4, or tested in a rig in which each gate 
is tested individually, then the device will 
be passed without the failure conditions 
ever having been met. To be certain of 
testing all possible failure modes of this 
device, all 256 possible data conditions 
on the eight device inputs must be checked, 
a prohibitive requirement for manual testing. 

To this end, the circuit shown in figure 1 
has been designed to provide an autornatic, 
instantaneous and exhaustive test of mast 
SSI and MSI components. [SSI (small scale 
integration) refers to gates, inverters, flip 
flops, etc, while MSI (medium scale inte- 
gration) refers to counters, latches, shift 
registers, etc.] The circuit operates by 
sending eight lines of input data to the 
device under test (DUT) and receiving 
six lines of output. Upon depression of 
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BOTH SWITCHES - MOMENTARY PUSHBUTTONS 


In the circuit diagram, unused inputs are not shown. While normally these should be 
tied high through a current limiting resistor, they may be allowed to float, with the ax- 
ception of the memory chip enable inputs which are tied dicectly to ground. 

A list of alternate memories for ICs 9 thru 14 is given here. Certain memory types 
will not cause the Go/No-Go tight to remain lit following a successful program cycle. 
This is because some memories lock out their data outputs whita being written into. This 
can be remedied by running a test cycle after the program cycle. The Go/No-Go light 
will remain lit following the test of a known good device if the data in the memorias is 
accurate. 


Figure 1: The author's automatic integrated circuit tester. The unit is connected by probes to the inputs of the integrated circuit 
under test (up to eight inputs can be accommodated). 256 different combinations of logic levels are sent to the integrated cir- 
cuit, and a running comparison of up to six data outputs from the device is made with a set of results stored in memory for 
another integrated circuit of the same type that is known to be good. Any deviation from the accepted pattern causes an LED to 
be lit. The unit is capable of testing both combinatorial ICs, such as logic gates, and sequential ICs, such as flip flops. A learn 
mode allows the tester to store the characteristics of virtually any TTL integrated circuit in memory for testing. 
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Meet The North Star Family 


THE NORTH STAR S-100 FAMILY—four high perform- 
ance products at attractive low prices. Our boards are 
designed for use in the North Star HORIZON computer 
and other S-100 bus computers using 8080 or Z80 proces- 
sors. Visit your computer store for a demonstration, or 
write for our free color catalog. 


16K RAM BOARD 


No other S-100 bus memory can match the performance 
of the North Star 16K RAM at any price. This low-power 
board has been designed to work at full speed (no wait 
states), even at 4MHz with both Z80 and 8080 systems. 
Memory refresh is invisible to the processor, bank switch- 
ing is provided and addressability is switch selectable in 
two 8K sections. Best of all, a parity check option is avail- 
able. Kit: $399. Assembled: $459. Parity Option — kit: 
$39. Assembled: $59. 


MICRO DISK SYSTEM 


The North Star MDS is a complete floppy disk system with 
al! hardware and software needed to add floppy disk 
memory and a powerful disk BASIC to S-100 bus com- 
puters. The North Star MDS is widely considered one of 
the best designed and most complete $-100 bus products 


available. The MDS includes the S-100 interface board 
with on-board PROM for system startup, Shugart mini- 
floppy disk drive, cabling and connectors, and DOS and 
BASIC software on diskette. Kit: $699. Assembled: $799. 
Additional drive — Kit: $400. Assembled: $450. Single 
Drive Cabinet: $39. Optional Power Supply: $39. 


ZB0A PROCESSOR BOARD 


The North Star ZPB brings the full speed, 4MHz Z80A 
microprocessor to the S-100 bus. Execution is more than 
twice the speed of an 8080, and the ZPB operates in sys- 
tems both with and without front panels. The ZPB in- 
cludes vectored interrupts, auto-jump startup, and space 
for 1K of on-board EPROM. Kit: $199. Assembled: $259. 
EPROM Option — kit: $49. Assembled: $69. 


HARDWARE FLOATING POINT BOARD 


If you do number crunching, then this board is for you. 
The FPB performs high-speed floating point add, subtract, 
multiply and divide with selectable precision up to 14 
decimal digits. Arithmetic is up to 50 times faster than 
8080 software, and BASIC programs can execute up to 
10 times faster. A version of North Star BASIC is included. 
Kit: $259. Assembled: $359. Prices subject to change. 


NoOmRTH STAR " Computers 
2547 Ninth Street - Berkeley, California 94710 - (415) 549-0858 
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Table !: Power wiring table for figure 1. See figure 1 for alternate memory 
ICs for 1C9 thru 14. 
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Figure 2: One method of hooking the tester up to a 7400 TTL integrated 
circuit. 


32 


june 197& BYTE Publicapons In. 


the Test button, the binary counter driving 
the DUT input lines is cleared and the 
flip flop driving the Go/No-Go light is set. 
Upon release, the counter increments 
through all 256 input conditions to the 
DUT. Between counts, tho dala on the six 
DUT output lines is compared with the data 
stored in memory, and if any mismatch 
occurs, the Go/No-Go flip flop is cleared. 
Once the counter reaches its terminal count, 
the clear input to the clock oscillator flip 
flop is driven low, thereby inhibiting further 
counts until the Test button is hit again, At 
this time, if the Go/No-Go light has re- 
mained lit, the component has passed the 
test. Programming is accomplished by 
holding the Program button dawn during a 
test cycle of a known good device. During 
this time, data on the DUT outputs is 
loaded into memory between counts on the 
DUT input lines. Once the PROGRAM 
button is released, data in the memory is 
protected by a pull-up resistor on its read/ 
write line. 

Combinatorial integrated circuits, that is, 


integrated circuits such as gates or com- 
parators which do not contain storage 
elements such as flip flops, are tested by 
connecting all device inputs to lines Ig to 17 
and all device outputs to lines Og to Os. 
Any ordering of the connections is satis- 
factory, because the tester will run through 
all possible input conditions despite the 
arrangement used. Sequential integrated 
circulls, however, require special consider- 
ation due to their internal data states. A 
device such as the 74161 4 bit binary 
counter, for example, will require its clock 
input to change at least 32 times taster than 
its clear input to insure the completion of a 
full counting cycle before being cleared. To 
aid in the testing of sequential integrated 
circuits with several clear, preset, inhibit, 
and other combinatorial inputs, the clock 
input has been provided which toggles 
twice as fast as lọ. This input is useful for 
connecting to the clock input of counters, 
flip flops, and shift registers, but should not 
be used with combinatorial devices or the 
combinatorial inputs of sequential devices. 

As an example of the use of the tester, 
consider again the 7400 quad NAND gate. 
This device has a total of eight data inputs 
and four data outputs to be connected. An 
example of one possihle configuration of the 
connections is shown in figure 2. It should 
be noted that two DUT outputs are allowed 
to float. This is permissible, because the 
same data will be present during a test cycle 
as when the tester is programmed. It is also 
acceptable to use less than eight DUT inputs, 
because the tester will still run through all 
possible data conditions on the remaining 
inputs. Once the proper connections have 
been made, the tester is programmed by in- 
serting a known good device into the DUT 
socket and holding the Program button 
down while momentarily depressing the 
Test button. If the tester has accurately 
stored the characteristic output of the 
device, the Go/No-Go light will remain lit 
following the release of the Test button. 
The Program button. may now be released 
and tests performed by inserting a ques- 
tionable device and depressing the Test 
button. If the Go/No-Go light remains 
lit upon release of the Test button, the 
device has passed. 

As an example of the testing of a sequen- 
tial device, consider the 74161 4 bit binary 
counter. An example of one possible con- 
figuration of its connections is shown in 
figure 3. Unlike the case of the quad NAND 
gale, the ordering of the DUT input con- 
nections is very important. Combinatorial 
inputs such as clear, load, and inhibit are 
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were lookin 
someone serious about 
personal computing! 


8-bit? 16-bit? The better of 
the two? The question is ele- 
mental — hardly worth con- 
sideration. What matters is 
your “machine's” CPU, its 
“architecture,” and most im- 
portantly its instruction set. 
That's where the power is 
and that's exactly why we're 
telling you about the KDIL-F. 


The KDII-F is the CPU we 
chose for the Heath H11. It's 
built by DEC, is the same 
CPU that's the cornerstone 
of the popular LSI-11 family, 
and is the main reason our 
16-bit is the most powerful 
16-bit in its price class! Bells 
and whistles? Hardly! 


Fact: The KD11-F has eight 
registers. Six of which are 
general-purpose and non- 
dedicated! That alone means 
virtually unlimited program- 
mer flexibility! 

Fact: Most computers in 
the 16-bit class use three 
types of instructions (mem- 
ory reference, operate or ac- 
cumulator control, and I/O 
instructions). The KDI1-F ac- 
complishes all data manip- 
ulations with a single set of 
instructions — which resuits 
in very efficient operation! 


Fact: The KD11-F’s PDP.11 
instruction set has the most 


C 


powerful repertoire of in- 
structions of any computer 
in its price class. 

What it all boils down to 
is that the Heathkit H11 
gives you fantastic flexibili- 
ty, unparalleled high-speed 
program execution, and 
unmatched performance! 


Our H11 CPU isn't for every- 
one. It's for someone serious 
about computing....some- 
one like you! 
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pul on the more slowly toggling lines 
lg to 17, and the sequential inputs are pul 
on the faster lines Ig to E This example 
also illustrates the use of the clock line 
for the clock, it should be noted that there 
is 4 minimum separation of four tines 
between the clock and any combinatorial 
inpul. As previously stated, this is necessary 
to alow the counter to compleie a full 
counting cycle. Strictly speaking, the pre- 
setting inputs to the counter are also com- 
binatorial inputs, bul they do not interfere 
with the counting cycle, so they may be 
placed within four lines of the clock. They 
are, however, synchronous inputs and as 
such may not be placed an a DUT input 
line which toggles faster than the clock, 
Also, while the ordering of the DUT inputs 
is important (for reasons just explained], 
there are no restrictions whatsoever on the 
ordering of the DUT output connections. 
Connections between the integrated circuit 
tester and the DUT socket should be made 
via banana plugs, matrix switches, or other 
farms of connection. which readily permit 
modification, The DUT socket itself should 
be a zero insertion force (ZIF) type socket 
(Textool or equivalent). 

Expansion of the testing capacity of the 
unii can be achieved by extending the 
counter length or the memory size, but it 
has been my experience that the com- 
bination of eight inputs and six outputs 
has proven ideal for testing most standard 
TT!. components. In my first. prototype 
(see. photo. 1), a single step feature was 
provided by switching in a debounced push- 
button switch in place of the oscillator, and 
placing LED indicator lights on the DUT 
inputs and on the memory data outputs. 
This made it possible to examine. the 
memory once it had been programmed and 
verify that the tester was really doing what 
it was supposed ta do. This feature was 
also necessary because the original version 
had 1o be programmed manually, but the 10 
ta [5 minutes required to program the tester 
lor ever a device as simple as a quad NAND 
gate made the advantages of autoprogram- 
mability quite apparent. Nevertheless, the 
single step. feature may prove useful to the 
hobbyist who may wish 1o use this instru- 
ment as a logi analyzer, Other features 
thal may prove useful would be the addition 
ol low power TTL bulfers on the DUT 
oulpuls ta permit testing of CMOS inte- 
grated circuits, miniaturized construction 
for portable operation, and installation 
of an ammeter in series with the DUT 
suckel power inpul pin Lo provide a measure 
of power dissipalion.s 


Ti 
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Figure 3: Tester hookup for a TTL 7416] integrated circuit. Note the use of 
the clock line coming from the tester. This is to ensure that the integrated 
circuit receives clock signals of the proper speed relative to the other test 
input lines. 
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Introduction 


What can possibly be said about the use 
of natural languages, that is the languages 
people use, with small systems? Where 
research is done on natural language process- 
ing, it is done on the largest computers avail- 
able. To many computer scientists, the 
problem of enabling computers to under- 
stand natural languages at a reasonable level 
of competence is beyond the current tech- 
nology. Consider what are probably the two 
best natural language processors yet pro- 
duced by computer scientists: William 
Woods’ LUNAR system which answered 
questions about rocks brought back from 
the moon, and Terry Winograd's system 
which manipulated blocks on a table in 
response to English commands; both are 
quite large programs. LUNAR uses one task 
with 256 K 36 bit words to discover the 
meaning of the user’s query, then uses 
another task of 256 K words to answer the 
question. One question could take from 
three to 20 seconds to answer. Winograd’s 
system did not need the quantity of data 
that Woods' system needed, but it still 
required 60 K words of 36 bits to oper- 
ate in its limited world, consisting of a 
few blocks on a table. These are just two 
examples of the many natural language 
processing projects which have been con- 
ducted in recent years. These two (from 
the early 1970s) and nearly all the others 
since then share the property that they 
are large projects done on large machines 


using large amounts of memory, So what 
can possibly be said about natural language 
processing and small systems? 

The small system user is severely limited: 
he or she has comparatively little memory 
to work with, few languages to choose from 
(and those languages are not particularly 
suited to the needs of natural language 
processing), and usually few aids to software 
development, such as secondary storage, 
editing facilities, and debugging facilities. 
But among small systems users, there is a 
growing interest in the application areas of 
artificial intelligence: intelligent game play- 
ing, math, science and engineering aids, 
robotics, and natural language processing. 
In this article the general problems of 
computer based understanding of natural 
language are discussed briefly, and a 
few techniques that can be used on small 
systems to do a limited amount of natural 
language processing are presented. 

Attempts have been made since nearly 
the dawn of computer history to make it 
possible for computers to understand the 
languages of people. It began as translation 
between natural languages, for example, 
from Russian to English. That kind of work 
was not successful. Later, research moved 
into the areas of natural language query of 
data bases and the study of the structure of 
human thought and memory through the 
modelling of human language behavior on 
computers. This is the work that is being 
done today. It looks promising, but it is 
still too early to tell if the work will 
actually provide users with the ability to 
communicate their thoughts to computers as 
efficiently as humans communicate with 
one another. 
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Natural Language Understanding 
on Computers 


A conversation. between two humans 


could proceed something like this: 


Sam: Joe, how's your micro coming? 


Joe: OK. l've moved on to the video 
cards. 

Sam: When did you finish the cassette 
interface? 


Joe: Last week. IL Look long enough for 
the chip 10 come. 

Sam: Yeah, that's why | always deal with 
the fastest companies. 

Joe: What do you think of the new 
video timing generator? 

Sam: It will save some board space and 
maybe some money, too. 


We do not know much about Joe and 
Sam, but we do know from this conversation 
that they both know something about micro- 
processors. We know that Joe is building one 
and that Sam Knows quite a bit about il. 
When asked how his micro is coming, Joe 
thought of his computer, Lie problems he's 
had on it, the last section that he has been 
working on, the sections that have already 
been buill...in other wards, a great deal of 
information about his cumputer came to 
mind, Joe then thought of what Sam knew 
of the computer, and chose a relevant piece 
of information that Joe thought Sam did not 
know, und said that he was working on the 
video section. Now, Sam knows a lot about 
the computer, too, He is thinking about it 
just as Joe is. And so the conversation pro- 
ceeds. Both Joe and Sam know a great 
deal about the computer. Both know about 
the problems of building a microprocessor, 
parts availability, etc. Their conversation is 
short, iL uses few wards, but it manipulates 
very large information structures in each of 
their minds as the conversation takes place. 
The conversation is not just a trickle of 
words between Joc and Sam, bul it is mainly 
an activity inside their brains involving a 
great deal of information. The trickle of 
words is not what is really going on, it just 
triggers what is going on. The real activity is 
happening in the minds of Jae and Sam. 

Now, what about a conversation with a 
computer? |f ii were to happen as the con- 
versation above did, the computer would 
need to know a lot about the microcompu- 
ter that is being built. In other words, the 
computer would need knowledge very much 
like Joe's and Sam's, It would have to have 
some way of representing information about 
microcomputers: whak they are made of; 
how they are built; the particular micro- 
computer being discussed; its state of com- 
piction; und so on. In addition to this, there 


must be some way for the computer to dis- 
cover what the words in the conversation are 
referring to. How does it know that the con- 
versation is about microcomputers, for 
instance? The word “micro” could refer to 
a microbiology program. As if that were noL 
enough, let's say that the computer did 
interpret. the first question correctly, did 
have information about the microcomputer, 
and decided on something to tell the ques- 
tioner. It then has the task of presenting the 
information to the questioner in a form that 
he will understand. Add to this problem that 
humans converse on a wide range of topics, 
and learn about new topics without even try- 
ing, and the problem of enabling a computer 
to converse like a human becomes a large 
problem indeed. A fuil solution to the prob- 
lem is a long way off, and quite possibly will 
require hardware beyond what is available 
today (a HAL 9000, perhaps?). But there are 
many steps toward natural language process- 
ing that can be done without a HAL 9000 
and without 30 years of research and 
development. 

As mentioned above, there are three main 
problem areas in natural language processing: 


1. Representation of knowledge 
2. Associating words with ideas 
3. Presenting ideas 


The problem of presentation of ideas by a 
computer will not be considered explicitly. 
Representation of knowledge and associating 
words with ideas will be considered in the 
next sections. 


Representation of Knowledge 


Before we approach the problem of repre- 
senting knowledge on a computer, it may 
help to decide how to represent knowledge 
on a piece of paper. The first thing to decide 
is exactly what we want to represent. 

Consider the microcomputer systems in 
figure 1. If we want to be able to converse 
with a computer about such systems, we 
need some way of storing what is known 
about them. Some of the things we know 
about System 1 are: 


it has an 8080 microprocessor. 

It has | K of read only memory. 

It has 2 K of programmable memory. 
Its only output is lights. 

its only input is a keyboard. 


M oe w N — 


We know the following about System 2: 


1. tt has an 8080 microprocessor. 

It has 1 K of read only memory and 

| K of programmable memory. 

3. |t has a scale as an input device (it is a 
digital scale). 

4. |t has a small keyboard as input. 
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Figure 7: System 7 and 
System 2 diagrammed as 
components connected to 
a common Dus. 


IK READ ONLY MEMORY 


IK READ ONLY MEMORY 


5, lt has as output a display of decimal 
digits. 


The system can be represented hierarchi- 
cally (in outline form) as: 


System 1 
|. Processor 
8080 
2. Memory 
1 K read only memory 
2 K programmable memory 
3, Output 
Lights 
4. Input 
Keyboard 
System 2 
|. Processor 
8080 
2. Memory 
1 K read only memory 
1 K programmable memory 
3. Input 
Scale 
Keyboard 
4. Output 
Decimal display 


Now suppose we want Lo use this data 
base to answer questions about System 1 
and System 2. (Note that a data base like 
this could be extended to include many 
other similar systems. |t can be extended to 
as many as memory will allow. But, consider 
how trivial it is in detail and breadth com- 
pared to a human’s knowledge. For this 
reason, one cannot expect the computer to 
respond. with anything like the intelligence 
of a human. The relevant questions are T) 
is there enough data in the data base to 
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make it worth doing and, 2) is the English 
interface to the data good enough 1o warrant 
making it.) When asked what the processor 
is for System 1, we consult our outline 
of System 1, look under "Processor," 
and reply that it is an 8080. When asked 
what the output for System 2 is, we consult 
the outline for System 2, lock under the 
output to find "Decimal display," and we 
return that. When asked about the inputs to 
System 2, we respond that they are a scale 
and a keyboard. But note that a more com- 
plicated problem arises if we ask what kind 
of processor is in the system that uses the 
scale. First we must find all systems that 
use scales (we may not even realize that a 
scale is an input device). For all the systems 
using scales, we must then find what therr 
processors are, and return that information. 
This is not à problem if we have only two 
systems, as in the example. But if we had 
many systems whose outline descriptions 
filled many sheets of paper, searching all 
the descriptions for the ones that use scales 
could be a major effort, One of the advan- 
tages of natural language is that items can be 
referred to by their descriptions instead of 
their names. We referred to System 2 nol by 
its name, but by its description, ie: the 
System that uses a scale. Because this is such 
an important feature of natural language, it 
is very important to be able to deal with it. 
One way of doing so is to make a new set of 
outlines for each of the items mentioned in 
the original outlines. For example: 


8080 
1. Processor in 
1. System 1 
2. System 2 
1 K Read only memory 
l. Memory in 
1. System | 
2. System 2 
1 K Programmable memory 
1. Memory in 
1. System 2 
2 K Programmable memory 
|. Memory in 
1. System 1 
Lights 
1. Output of 
1. System | 
Scale 
l. Input of 
1. System 2 
Keyboard 
1. Input of 
T. System 1 
2. System 2 
Decimal display 
1. Output of 
1. System 2 
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Figure 2: Simple semantic net. This net represents the connections of the components of System 1 and System 2. Each com- 
ponent is represented by a node. The nodes are related to one another through labelled links. Notice that the names chosen 
for the links and nodes are largely at the discretion of the net designer. 
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Now, think again about representing a 
large number of systems in this way. It will 
take more memory, but it will provide 
access to items such as scale or 8080. If a 
hundred systems are represented on sheets 
of paper, we would probably have an index 
or table of contents to direct us to the 
appropriate page to find the outline we seek, 
thus speeding up the response. | have not 
forgotten that in many small systems the 
trade-offs between memory and processing 
time often are in favor of saving memory 
space. What is presented here is intended to 
illustrate the trade-offs, not to make the 
decisions for the user. 

It is easier to see this type of representa- 
tion when it is presented in graphic form. 
The representation used in figure 2 is called 
a semantic net. Each outline is represented 


by a node and the relationships between 
nodes are represented by directed labelled 
arcs. The idea of a semantic net is that nodes 
are entities and arcs are relations between 
entities. The net shown in figure 2 is not the 
way most natural language researchers would 
represent the information about our two sys- 
tems. For example, "System 2" is the name 
of something, it is not the thing itself, An 
8080 is a part of the thing whose name is 
"System 1," and that thing that is called an 
8080 has the function of "Processor" in the 
thing called "System 1." A diagram of 
representation like this is shown in figure 3. 
It is more explicit and more correct than 
the representation of figure 2, but is harder 
to build, more difficult to interpret, and 
requires more memory to represent. 
Semantic nets, in whatever form one 
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Figure 3: More complex semantic net. This semantic net represents the same systems as the net in figure 2, but in a more detailed fashion. In this net, each node represents 
an entity. For example, one of the parts of System 2 is an entity called the MEMORY. Ít is composed of two parts, the entity called the READ ONLY MEMORY and the 
entity called the PROGRAMMABLE MEMORY. As in the other semantic net, there is some flexibility in what to call the links and nodes. For example, "IS A" suggests 
that the 8080 is a member of the category of things called PROCESSORS. One could also say that a READ ONLY MEMORY is a member of a category of things called 
MEMORY, but in this net, READ ONLY MEMORY is represented as a part of a thing named MEMORY. A fine distinction, but it may be significant when the net is 
interpreted by a program. Notice that reverse links fie: NAME OF, PART OF, QUANTITY OF, EXAMPLE OF) are not shown. 
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prefers, are a flexible and easily accessed 
way to represent knowledge. They simulate 
associative memory, as humans seem to 
have. But how are they represented on a 
computer? The answer to this comes in three 
parts: 


1. Outlines can be represented by lists. 

2. Lists can be represented on computers. 

3. The index or table of contents to out- 
lines can be represented as a hashed 
table. 


Nodes can be represented in lists by hav- 
ing alternate elements be arc labels and 
related nodes. We must first reduce each 
multiple word node name and arc label to 
single word names, then just list them as 
follows: 


8080 (Processor-in (System1 System2)) 

System 1 (Processor (8080) Memory (1 K Read 
only memory, 1K Programmable 
memory) Output (Lights) Input (Key- 
board)) 

Keyboard (Input-of (System1 System2)) 


Most natural language projects are written 
in LISP because of its ability to handle list 
processing better than most other languages. 
Lists are represented in LISP in the follow- 
ing way: A list is composed of cells. Each 
cell has two parts, as shown in figure 4a. The 
two parts are called the CAR and the CDR 
of the cell. Each entity (node in the seman- 
tic net) is represented by a unique cell. A 
list of words would be represented by a 
string of cells. The CAR of each cell points 
to a node cell and the CDR points to the 
next cell in the string. The CDR of the last 
word has an end of list marker in it. À list 
of words (“The power surge exploded my 
8080 chip") is shown in figure 4b. 

A list can be represented within another 
list by having a CAR point to the first 
element of the inside list, instead of point- 
ing to a node cell. A list within a list (My 
power supply (a home brew affair) was not 
protected) is shown in figure 4c. 

The index table for finding node names 
is provided automatically in LISP. The 
table is called the OBLIST or OBARRAY 
and the lists are called PROPERTY LISTS. 
If you do not happen to have LISP, the 
index table can be built as a hashed table 
of node cells with associated pointers to the 
property list associated with that name. A 
diagram representative of the whole config- 
uration is shown in figure 5. 

If the cell is a node cell, the CAR points 
to a location where the name of the cell (the 
character string) is held. The CDR points to 
another cell which is the beginning of the 
property list of the node. In cells that are 


not node cells, CARs and CDRs are both just 
addresses that point to other cells. (One ex- 
ception is the cells that represent the rela- 
tionships between nodes. These will also be 
on the OBLIST as “node cells," but their 
CDRs will contain end of list markers 
instead of pointers to property lists.) In 
LISP, a special bit is set to designate whether 
a cell is a node cell (called an ATOM in 
LISP) or just a regular cell. The amount of 
memory that needs to be addressed by the 
CAR and CDR of each cell determines the 
number of bytes that each cell must be 
composed of. 


Associating Words with Ideas 


The process of understanding natural 
languages certainly has something to do with 


LISP CELL 


fa) 


THE POWER SURGE EXPLODED MY BOBO CHIP 


(5) 


POWER SUPPLY 


A HOME BREW AFFAIR 


fe) 


Figure 4: LISP cells. in (a) a LISP cell is shown. In an actual implementation 
there may be some additional bits in the CAR and CDR to carry information 
about how the cell is used (whether it is an atom, for instance). In (b) the list 
of words (THE POWER SURGE EXPLODED MY 8080 CHIP) is shown asa 
string of cells. The pointers that point to the words are actually pointing to 
the cells that represent those words (see figure 5). In (c) the cell representa- 
tion of an embedded list is shown. The list is (MY POWER SUPPLY (A 
HOME BREW AFFAIR) WAS NOT PROTECTED). 
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associating words with ideas. It should be 
stressed from the beginning, however, that 
when humans understand something it is a 
process that uses much more than just word 
definitions. The process of understanding in 
humans involves interpreting the words they 
hear or see with the various meanings for 
those words, all viewed in the context of 
the current conversation, the environment 
of the conversationalists, and other factors. 


For example, the sentence, "I'll take a 
CHARACTER 


OBLIST CHARACTERS) 


Z- IPI 


-mxocclu 


SYSTEM 2 
NODE CELL 


7 
E 
Y 
S 
T 
€ 
M 
2 


Figure 5: Representation of atoms. Each node in the system is represented by 
a unique cell, here called a node cell. tn this figure the node cells for three 
nodes are shown, for 8080, SYSTEMI, and SYSTEM2. The CAR of each 
node cell points to a place in memory where the character string of the name 
of the cell is stored. The CDR of each node cell points to the property list of 
the node. The property list of the 8080 node is shown. The pointers to words 
shown in figure 4 are actually pointers to the node cells of the words. All 
node cells are chained together by the OBLIST. The character string names of 
the nodes are stored in a part of memory that has not been divided into cells. 
The CARs of the node cells point to an address that specifies the number of 
the characters that follow that are included in the character string of the 
name of the node, Links have cells on the OBLIST, just as nodes do. The only 
difference is that links do not need property lists. The pointer to Processor-in 
would actually be a pointer to the cell that represents Processor-in. 
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pancake," can be assumed to mean very 
different things depending on whether it 
is heard in Uncle John's Pancake House, or 
in a store that sells fans for relay racks (a 
pancake fan), or if it is said at a cosmetic 
counter (pancake makeup). The various 
conflicting meanings of "pancake" do not 
even occur to the people in question. À 
waitress would be unique indeed if she 
asked her customer if she preferred the 
pancake on a plate or on her face! 

The problem of multiple meanings, 
contexts and other details of understand- 
ing will be ignored for the time being. 
In a small system there are limits to what 
can be done linguistically (in this respect, 
all contemporary systems seem small!). But 
a step toward natural language can be taken, 
however small. The goal we will assume is 
that an inexperienced user will be able to 
address the natural language processor in 
language that the user is most fluent in, 
and that the language processor will respond 
in a manner that the user finds appropriate. 

We will be considering a situation in 
which natural language is being used as an 
interface language between a user and either 
procedures or data in a computer. The user 
types a sentence and the computer interprets 
the sentence and does what it is understood 
(by the computer) to mean. For example, 
say the computer holds a data base about 
various microprocessor systems like the one 
that was described above. The user asks 
questions about the systems and the com- 
puter provides answers. 


Keywords 


The simplest method of interpreting a 
sentence is to look for particular words, 
called keywords. If a keyword is found, a 
response is output. For our system, a useful 
set of keywords would be the names of all 
the nodes in the semantic net. For a re- 
sponse the system could print the property 
list which represents how that node is 
related to other nodes in the net. For 
example: 


User: Tell me all about systeml1 
Computer: System1 
Processor 
8080 
Memory 
1 K Read only memory 
1 K Programmable memory 
Output 
Lights 
Input 
Keyboard 
User: What information do you have on lights 
Computer: Lights 
Output-of 
System] 


These responses would be quite appropriate 
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for the questions asked. Major improvements 
can be had by a few simple changes, how- 
ever, First, what would happen to "Tell me 
what you know about keyboards"? The 
language processor would not recognize 
keyboards as the same as "keyboard", 
so no information would be found. The 
easiest way around this problem is to strip 
the 5s off all the node names when building 
the semantic net, then strip them off all the 
words input by the user. However, this pro- 
cedure runs into problems for words that 
end in S, like "process". Another problem 
is words ending in "es", like "processes". 
Actually, there are algorithms for analyzing 
word endings that correctly reduce words 
to their roots for nearly all the specíal cases 
like these. 

The whole problem of word endings can 
be avoided by using a universal character. 
A universal character is one that matches all 
other characters. If £ were a universal char- 
acter, the node names could be written as 
"lightz?' and "process". These would 
match "light" and "lights", "process" and 
"processes". Tricks like this can help, but 
may produce problems by also matching 
"lightning" and "lighter", "processor" and 
"processing". Therefore, universal characters 
must be used with care. 

Another improvement deals with nodes 
that have multiple word names. A user 
would probably ask about “system 1”’ instead 
of "system1"'. Multiple word names can be 
handled by more property lists, one for each 
first word in multiple word names. These 
property lists would contain a list of the 
words of the multiple word name, followed 
by the corresponding node name in the 
semantic net. For example, system1 and 
system2 could be referred to by: 


System (Mult-wrd-names ((1) System1 (One) 
System1 (2) System2)). 


This property list signals the language 
processor that "system 1’’, “system one" 
and “‘system1”’ are all to be interpreted as 
"system1". Also, “system 2" means the 
same as ''system2"'. 

The same mechanism can be used to 
allow synonyms. System 1 may be affec- 
tionately known as the "Bit Byter", “Old 
Smokey" (for its power supply problems), 
or "Zapper". These names can be interpre- 
ted as the same as "system]" with the 
following property lists: 


Bit (mult-wrd-names ((Byter) System1)) 
Old (Mult-wrd-names ((Smokey) System1)) 
Zapper (Mult-wrd-names (() System 1)). 


Just as universal characters can be used, 
universal words and phrases can simplify 
specifying a large set of synonyms. For ex- 
ample, the multiple word name (President # 
Washington) would match all phrases that 
begin with "President" and end with ‘“Wash- 
ington”. This would match (President 
Washington), (President George Washington), 
(President G Washington and also (President 
Ford never met George Washington), 

A relevant question is: What good is 
putting the keyword in the middle of a 
sentence? Why not just have the user type 
keywords and forget about the rest of the 
sentence? There probably are few if any 
good reasons for trying to create an illusion 
of natural language understanding in this 
way other than that it is a fun trick. 


Nodes and Links 


The keyword approach to natural lan- 
guage processing is imprecise, and so it is 
prone to many errors and misinterpretations. 
There is an approach that is somewhat more 
precise, and allows correct interpretation of 
much more complex sentences without 
being much more complicated. This method 
involves identifying both node names and 
link names from the semantic net, then 
combining them to print only the parts 
of the semantic net desired by the user. 
The link names in our example are proc- 
essor, memory, input, output, processor in, 
memory in, input of, and output of. There 
will usually be many fewer link names than 
node names. A user's sentence is processed 
by collecting node names, then link names, 
as in: 


Give me the Old Smokey processor and 
output. 


Using a previously mentioned definition this 
is seen by the processor as: 


XXX XXX XXXX system] processor xxx output 
(node) (link) (link) 


to which the appropriate response is: 


System] 
Processor 
8080 
Output 
Lights. 


The response is formed by searching the 
property list of the node mentioned for each 
link named. Then the node name, the link 
name, and the names of the nodes pointed 
to by the link are printed in outline format. 

If link names are found to the left of 
node names in the sentence, the inverse link 
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names must be substituted. For example, 
What are the input of and processor in system 2 
is seen as: 


XXXXX XXX xxx input-of xxx processor-in system 2 
(link) (link) (node), 


The reverse links are used, and the sentence 
is reinterpreted as: 


system2 input processor. 


The property list of system2 is checked for 
input and processor links and the following 
is printed: 


System2 
Input 
Scale 
Keyboard 
Processor 
8080. 


This process is diagrammed in figure 6. 
This technique will allow quite complicated 
sentences to be interpreted if synonyms are 
chosen judiciously for nodes and links. Users 
on a natural language processing system tend 
to use very short and incomplete sentences if 
they can, which is also allowed with this 
system. 


LINK NODE 


&8:*END OF LIST 
START 


Figure 6: Node and linh interpretation. This 
simplified method of interpreting which 
nodes and links mentioned jn a sentence 
should be associated will often assume the 
proper interpretation to the input sentence. 
However, node and link names and syno- 
nyms must be chosen with care. A more 
successful method requires greater atten- 
tion to words other than those in node 
and link names, particularly conjunctions, 
prepositions and relative pronouns, 


Conclusions 


There is naturally a lot that keyword 
based systems cannot do that humans 
car. For instance, keyword systems cannot 
understand pronouns, or when to use 
different word meanings (like pancake). 
Humans have little trouble using these. 
The difference is, of course, in all the 
information that keyword systems throw 
out when they disregard all words that 
are not keywords. Also, words carry with 
them more than just a definition. Most 
words say things about the words that are 
surrounding them. The word "the'' says 
that the word to its right is either a noun 
or a noun modifier. In the system described 
above, the keyword “input of” tells us 
that either some kind of input device has 
preceded this phrase in the sentence, or a 
reference to a system will follow it ("what 
is the input of system 2"), or both (“a key- 
board is input of system 2"). 

Natural language research today has 
moved far beyond the realm of keyword 
analysis to use not only knowledge about 
wards, but knowledge about the things 
and events that the words refer to, and 
knowledge about the way text and con- 
versations are structured. In a data base 
like the microcomputer data base used 
here, the system would retain information 
about the components that every system 
would probably have, the probable uses of 
systems, more detailed information about 
each of the components, and so on, The 
information that a human uses when dis- 
cussing microcomputers would be collected 
and added to the knowledge base to be 
used when the computer is discussing micro- 
computers. This information is grouped into 
collections and the collections are associated 
with the concepts they describe. 

It is nearly impossible to discuss how 
well such a system can work. We do not yet 
have any kind of scale for measuring natural 
language performance if it falls into the 
subhuman range. The only really useful mea- 
sure is whether or not it does what it is 
supposed to. Unfortunately, that too is 
difficult to ascertain. | have implemented 
a system like the link and node system 
described here, but it was quite a bit more 
complex. |t attempted to account far 
every word in the sentence in order to 
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just clip and mail the coupon below. 


Finally, the macro maker of computer 
printers has gone micro. With a high-speed, 
desk-top, non-impact printer complete with 


parallel interface (Model P-1) that's perfect for p[-——-—------------- 4 
the home, hobby and small business user. A | Centronics Data Computer Corp. 
complete 80-column printer for less than $600. Hudson, NH 03051 
The new Centronics microprinter is Dem | 
big on performance. It prints clean, clear dot | Gentlemen: Tell me more about your new | 
matrix characters at a rate of 150 lines per | microprinters. l 
minute. Yet it's quiet, compact, comes fully | | 
warranted and is backed by Centronics’ | l 
worldwide service. It's even available in a [ee || 
serial interface version (Model S-1) for | | 
remote applications. | Address | 
Of course, buying your small systems | | 
printer from the industry's leading producer | Town | 
of printers is simply a better buy. You get the | | 
security, support and systems flexibility only | State Zip | 
Centronics can bring. Plus the targeted tech- | € 
nology that brings out the bestinany computer. L ——————-————— —~$—~—~—— eS) 
CENTRONICS ' PRINTERS 
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INTERNATIONAL DATA SYSTEMS, INC. 


400 North Washington Street, Sulte 200, Falls Church, Virginia 22046 Li S A 
Teiephone (703) 536-7373 


B8-MODEM: A complete serial I/O port and an Originale/ Answer MODEM on an 
$100 bus compatible board The 88-MODEM leatures automalic auto-dialer (not 
sofiware timed), operates at any soltware selected baud rate belween 66 and 600 
baud, has separate B-pole transmit and receive active filters, and all functions are 
sofiware selected. The 88-MODEM provides communication to -58 dbm and is intended 
for use with either a CBS (1001D) or CBT Data Access Arrangement lor connection 
to the telephone system. The kil price is $245.00. 


88-UFC UNIVERSAL FREQUENCY COUNTER: The 88-UFC is an $100 compatible 
frequency and period measurement module. The 88-UFC has four soflware selected 
inpuls. Frequency measurement to above 600MHz and period measurement Io 1710h 
microsecond are standard The counter provides nine digits of readoul and is priced 
at $179.00 in kit form. 
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88-SPM CLOCK MODULE The 88-SPM provides a lime of day clock and an inde- 
pendent realtime clock on one S100 compatible module Provisions are included for 
battery backup so the 88-SPM can maintain the bme during power-olf conddions. 
$96.00 kit 


1001D (Type CBT) Data Access Arrangement $125.00 
88-RCB 16 Channel Relay Control Board Kit $179.00 
MCTK Morse Code Trainer/Keyer Kit 29.00 
TSM Temperature Sensing Module Kit 2400 
DAC-8 8-Bit Digital to Analog Converter Kit 19.00 
88-TCXO Temperalure Compensated Crystal 

Oscillator for 88-UFC 146.00 
88-XTAL Crystal Timebase option for 88-SPM 25.00 


TERMS: ! rv with order shipped prepaid, added lor COD, Master Charge accepted 
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prevent misinterpretations. It handled pro- 
nouns fairly successfully and was good at 
identifying items by their description. 
It responded to the user in full sentences 
and in outline form. It also required a large 
system to run on, primarily because it had 
a fairly large data base. With all this, it 
still usually took a new user several examples 
before he could communicate with the 
system in a useful way. 

With this experience, what do | think 
natural language systems can do on small 
systems? The question is vague, so the 
answer is vague: a little bit, but not too 
much. That not-very-helpful answer means 
that one must decide why he or she wants 
a natural language processor, then consider 
the techniques described in this article to 
decide if they will meet his or her needs. 
These techniques must then be compared to 
nonnatural language techniques. 

The benefit of the language understand- 
ing techniques described here is primarily 
based on the power of the semantic net 
representation. Semantíc nets have one 
advantage over other representations in 
that concepts are associated in a way sim- 
ilar to the way they seem to be associated 
in human memory. An important aspect of 
using natural language as an interaction 
language between humans and computers 
is that, if it works, it allows the user to 
state his requests in the same way that he 
thinks about his requests. A user using 
natural language to interact with a com- 
puter is manipulating an enormous amount 
of information in his or her mind, encoding 
a small part of that knowledge into the 
words of the conversation, assuming that 
the listener (the computer) can use these 
few words to manipulate its large informa- 
tion structures. On a small system, the in- 
formation structures that the computer has 
to manipulate can not be nearly as large as 
the human's. The words of the conversation 
can be associated with ideas, but not on the 
lavish scale of association available to 
humans. Finally, most of the words of 
the conversation are thrown away using the 
techniques that a small system can support. 
What natural language processing can be 
done on small systems? Not enough to be 
able to compare it to natural language proc- 
essing in humans, but perhaps enough to 
allow a user to learn to communicate effec- 
tively with the computer in a way that is 
close to the way the human brain thinks: 
through associations and descriptions, m 
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ESELECTRA-TERM. 


Formerly SELECTERM 
h he SELECTRIC Il PrinterYou Can Trust. 


You may have considered a Selectric II as ideal ters. So you receive IBM's factory warranty, and 
for your application but have been skeptical about yearly service agreements-for the typewriter are 
reconditioned units and kits. available. In addition, we offer full warranty protec- 

Set your skepticism aside with the SELECTRA- tion on the electronics conversion. 


The SELECTRA-TERM may be connected to | 


and tested before you take delivery. We convert ^ your computer within minutes of taking it out of 

factory new IBM Selectrics and test them non-stop the carton. | 

It's that easy! And that reliable! 
A 


THE BEST SELECTRIC If PRINTER GOING 
For Any Computer 


» Assembled and tested $1,750 
a Available from dealers nationwide 


* Delivery 3 to 4 weeks from receipt 


» Quantity delivery to OEMs within 


FEATURES SDFTWARE PRICE and DELIVERY 
2 Complete ASCI character set in » All necessary conversion software in 
standard element. PROM to handle ASCII input 
* Full upper/lower case alphanumeric directly 
character set and keyboard. of order 
* Tab command, index (vertical tab), PRINTER or TYPEWRITER 
backspace, bell-all under computer = May be used as a standard type- 30 days 
control. writer when not in use with your 
a Parallel interface, standard. computer. 
ALL ELECTRONICS INCLUDED OPTIONS micro 
* Power supply, electronics and cable * Dual pitch $125.00 
sets included to permit immediate ® Correction feature $125.00 compu ter 
connection to the parallel port of "a Tractor feed platen $250.00 devices 
any computer, at standard TTL ® Noise reduction feature $ 50.00 inc 
level. s RS-232 interface $195.00 r 
a Export models available 


960 E. Orangethorpe, Bldg. F 
Anaheim, California 92801 
Telephone (714) 992-2270 
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You pick up the phone and slowly and 
clearly you pronounce into the microphone: 
"Number one two one three five five five 
one two one two verify." You listen as out 
of the earpiece an awkward but quite in- 
telligible voice repeats what you just have 
said. Then you say "Dial number." The 
sounds of dialing follow, then a ringing in 
the distance and you find yourself talking 
to the directory assistance operator in Los 
Angeles. A sequel to 2001 with personal 
HALs? Not quite. Just plain old 1977 
reality. A couple of cards in your computer 
and some programming can do it. Speech 
recognition and voice control have come a 
long way from the "Open Sesame!" of the 
Arabian tales. Its technical foundations 
were laid in the 1950s and 1960s. The 
microprocessor revolution has brought it 
within the reach of any computer experi- 
menter, opening up a fascinating frontier 
of voice control and spoken communica- 
tion between human and machine. 

In the following pages | wil! try to give 
you an introduction to speech processing 
and pattern recognition. To demonstrate 
the principles involved, we will go into some 
details of the workings of a speech recog- 
nizer suitable for a small personal computer. 
| hope the material to be presented will be 
enough to give you an idea of what speech 
recognition is, how it is done and what are 
its present limitations. It is left to the reader 
to get excited, read the literature to find 
more about speech recognition and then 
buy, borrow or build a recognizer and start 
using it imaginatively. 
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Figure 1: A time domain voice waveform and its energy. The top trace is the time domain signal for the word “three.” The 
bottom trace is the energy in the above signal computed every 10 ms. Note that the signal before and after the word (arrows 
mark the beginning and end of the word) is not zero. This is due to background noise picked up by the microphone, in this case 
computer cooling fans and air conditioning noise. 


The Speech Signal 


If we connect a microphone to an oscilla- 
scope and then speak into it, we will get a 
jittery trace similar to the one shown in 
figure 1. The vertical axis represents voltage, 
the output of the microphone. [he hori- 
zontal axis is time and for this reason such 
a representation of speech is called a “time 
domain" representation. 

You may ask can we use a time domain 
representation for speech recognition? It 
would be nice if we could because it is so 
easy to get; all we need is a microphone. 
The voltage in the output leads of the mike 
is, by definition, the time domain signal. Of 
course we would like to input this signal 
into our computer. Since it is an analog sig- 
nal and our computer is a digital machine 
we will need an analog to digital converter 
(ADC). The analog to digital converter gives 
a binary number that corresponds to the 
amplitude of the signal at the particular 
time when the measurement is made. This 
process is called sampling. If we take and 
siore equally spaced samples often enough 
so that the signal does not change very much 
between samples we will have a fairly 
accurate representation of the time domain 
signal in our computer's memory. Figure 2 
shows such a siluation, in which an arbi- 
trary Input waveform is sampled over some 
time interval, and the results of conversion 


are stored as values in successive memory 
locations. 

|t has been mathematically proven (the 
sampling theorem} that if we are to have an 
accurate representation of the signal, the 
sampling frequency should be at least twice 
the highest frequency in the signal. |t is 
then called the Nyquist frequency and it is 
the lowest usable sampling frequency. One 
could sample at higher than Nyquist fre- 
quency bui this would nol give a more 
accurate representation of the signal. In- 
stead there would be a lol more data words 
to deal with, an unwelcome situation. If 
we Iry to apply the Nyquist theorem to 
speech we are faced with the question: 
what is the highest frequency in speech? 
Well, for high fidelity sound a bandwidth of 
20 to 20,000 Hz is necessary. This means 
that speech has frequencies up to this 
limit, perhaps even higher. On the other 
hand, telephone speech is band limited to 
3200 Hz and it is still quite intelligible. 
Since in speech recognition we are interested 
in what has been said rather than the quality 
of the sound, if we limit the signal using a 
filter with a cutoff at 3200 Hz we will re- 
tain the information needed for recognition. 
Then we can use Nyquist's theorem to get 
a practical sampling rate since we will know 
that the highest frequency in the signal is 
3200 Hz, due to the filter. Sampling at twice 
that frequency we will get 6400 samples 
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Figure 2: Sampling in the time domain. Waveform A is a time domain signal. 
If we sample it at equally spaced intervals we will retain the amplitude of the 
waveform at the dotted points and the signal will be zero between these 
points, as shown in waveform B. Although A and B look very different, if the 
sampling is done with a frequency higher than the Nyquist frequency (see 
text), both signals will contain exactly the same information. 
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Figure 3: Rectifying the 
microphone signal at A we 
obtain signal B which 
contains a slowly varying 
DC component propor- 
tional to the volume of the 
signal and various high 
frequency components 
due to the formants. The 
low pass filter separates 
these and the analog to 
digital! converter (ADC) 
sees only the volume 
signal. © 
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per second of speech. Assuming our word 
length is eight bits which is about the mini- 
mum usable for speech and that the average 
word duration is about half a second, we will 
need 3.2 K bytes of memory space per word. 
if we had a 20 word vocabulary and we 
wished to store each word in main memory 
once to be used as reference, we would run 
out of memory space in any micro and most 
minis. 

Using the time domain signal is out of 
the question because of the huge amounts 
of memory required to store it. This is not 
the only disadvantage of the time domain 
signal. Assuming we had enough memory to 
store the data, processing it would take too 
much processor time because every opera- 
tion we would perform on the data would 
have to be performed to such a great number 
of data points. Real time operation (process- 
ing the signal as it occurs such that there is 
no appreciable time lag between the moment 
the signal ends and the time the recognizer 
decides which word has been said) would be 
out of the question. Yet real time operation 
is highly desirable in most situations in 
speech recognition. Another basic disad- 
vantage of the time domain signal is its 
variability between different pronunciations 
of the same word. People do not repeat 
words exactly the same, down to the minute 
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A BIT OF Everything 


The Best of Creative Computing 
Volume | 
The Best of Creative Computing 


Volume Il. Culled from pages of Creative 
Computing Magazine, these two volumes 
provide fiction, fun, foolishness, and plenty 
of nuts and bolts commentary and pro- 
gramming information for anyone curious 
or serious about the wonderful world of 
personal computing. $8.95 per volume. 


— — Structured Programming in APL by 
Dennis P Geller and Daniel P Freedman 
", . . Our approach is to present the funda- 
mentals of structured programming in APL. 
Students may go on from here to learn to 
write faster prograrnt or more compact 
programs, or more aesthetic programs; this 


we hope is where they learn to write 
working programs." From the Preface. 
$9.95. 


Sereni bist Needed Reprinting 


____APL—An Interactive Approach Second 
Edition, Revised, by Gilman and Rose. 
Here's an excellent way to introduce your- 
self to the APL language. APL is rapidiy 
becoming one of the most popular high level 
languages in the computer field because of 
its clarity and conciseness. Gilman and Rose 
have extensively updated their popular book 
to include the latest information about the 
language and the various forms of it which 
are now in use. Since the examples are all 
carefully spelled out, APL—An Interactive 
Approach is particularly recommended for 
those who do not have access to an APL 
terminal. Answers to all problems are 
included. $13.00. 
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— —.How to Program Microcomputers by 
William Barden, Jr. Here is a guide to 
assembly language programming of the 
Intel 8080, Motorola MC6800, and MOS 
Technology MCS6502 microprocessors. It 
is written especially for beginning pro- 
grammers with hobbyist microcomputers 
based on one of these three chips. The 
topics covered range from data manipu- 
lations at the bit level up to handling of 
tables and lists and from simple adds and 
subtracts up to floating point operations. 
$8.95. 
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—— Bar Code Loader by Ken Budnick is 
the key that unlocks the door to Paper- 
byte! M Software Books. Included in this 
publication is a brief history of bar codes, 
a look at the Paperbyte!M Bar Code format 
including flowcharts, and a general bar code 
loader algorithm. Well documented pro- 
grams with complete implementation and 
checkout procedures are included for 6800, 
6602 and 8080/2-80 based systems. Indi- 
viduals with computers based on these 
processors can use the software directly. 
Individuals with other processors can use 
the provided functional specifications and 
detail examples to create equivalent pro- 
grams. $2.00. 
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Figure 4: Amplitude envelopes of the words "one, 


details of amplitude. Quite the contrary; 
there is a tremendous amount of variation 
in the time domain signal even for the same 
person within several consecutive pro- 
nunciations of the same word. 

In speech recognition we would like to 
transform the time domain signal into some 
other signal or representation with low data 
rate and which remains more or less in- 
varianL as long as the same word is pro- 
nounced. This is easier said than done. If 
we try to reduce the data rate we run the 
risk of throwing away important informa- 
tion. For example suppose that before going 
into the analog to digital converter we 
rectify the signal, then process it with a low 
pass filter. A block diagram of this opera- 
tion is shown in figure 3 together with the 
resulting waveforms. Such an operation will 
extract the envelope (c) of the signal. The 
highest frequency of interest in the envelope 
is only about SO Hz. This is due to con- 
straints imposed by the mechanism that 
produces speech. We can thus set the low 
pass filter to 50 Hz and sampie at 100 Hz, 
the Nyquist frequency. That gives us a very 
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three," “zero.” Note 


that "one" has one hump while "three" has two. The smaller one corresponds 
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to "th" and the larger one to "ee." In "zero," "z" is the low amplitude area 


ee, at 


in the beginning. The dip corresponds to “r” and the humps to "e" and 
"p." Vowels always have high amplitude because they are produced with the 
mouth open and with strong excitation. 
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reasonable data rate, 100 words per second 
and well within the capabilities of all 
machines. 

Yet, if we try to build a recognizer using 
only this information we would get very 
poor performance. The reason is that we 
have thrown away a lot if not most of the 
information in the speech wave in the 
process of rectification. The information 
that remains is quite variable between dif- 
ferent pronunciations of the same word, 
further degrading recognition. But it is not 
totally useless. If we select a vocabulary of 
a few words carefully so their envelopes have 
distinct. characteristics we may get usable 
performance out of a very simple recog- 
nizer. We could select for example the words 
"one," "three," "zero." Typical envelopes 
for those words are shown in figure 4. We 
note that the envelope for "one" consists 
of one hump. "Zero" has two humps and 
"three" has one main hump preceded by a 
small peak that corresponds to the sound 
"th." Based on these observations we can 
write a simple program that would examine 
the input data and decide which one of the 
three words has been said. 


Feature Extraction 


The process of extracting a set of slowly 
varying parameters that represent a word is 
called feature extraction. It has two objec- 
tives: First, as we have seen, it tries to re- 
duce the amount of data necessary to 
process for recognition. This is a very im- 
portant consideration for any practical im- 
plementation. Second (and extremely 
important), the features extracted must 
contain the relevant information in the 
signal. The speech signal conveys a lot of 
information about the sex, age, regional 
origin and emotional state of the speaker, 
Also it contains a lot of technical informa- 
tion incidental to speech production such as 
phasing and power spectra of the glottal 
pulses, All this information is related but nol 
relevant to the meaning of the word pro- 
nounced. Ideally the features will contain 
as little as possible of this extraneous infor- 
mation. 

A good feature extraction scheme will 
reduce the dala rate in the recognizer by 
throwing away all the unnecessary informa- 
tion and retaining the information useful 
to the recognizer. The information pertain- 
ing to the meaning conveyed by speech is 
estimated to be from 15 to 30 bils per 
sccond, or about three orders of magnitude 
less than the data rate of the unprocessed 
speech signal. Practical feature extractors 
are not even close to the theoretical data 


Now you can buy a complete operational key- 
board with full ASCII code capabilities, built to 
commercial standards, yet priced for the personal 
user who needs only one. This is not a surplus unit 
or a manufacturer's overrun, it's a new board de- 
signed specifically for the personal computer user. 

MAX is MOS/LSI encoded, and includes all 128 
ASCII characters, two-key rollover protection and 
two non-encoded keys with relegendable keytops 
for user assignment. Everything you need to start 
entering data immediately. 


Individual keys for CARRIAGE RETURN, LINE 
FEED and ESCAPE are provided to give you these 
important functions without multiple key closures. 
A low-cost MAX option kit (Part No. 620002) lets you 
add four CURSOR keys and a HOME key if you need 
those functions. Coding is already provided. 

MAX low-profile switches have gold contacts with 
wiping action for long life and reliabllity, and plung- 
er action that is smooth and precise. 

Maxi-Switch is a leading supplier of keyboard 
products to the data terminal industry, and MAX 
comes from a fine family. Get the full story on the 
new MAX keyboard for personal computing. 

MAX is sold only through authorized dealers such 


as Century Marketing. To order your MAX, use the 
coupon supplied. 
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Send to: Century Marketing 
P.O. Box 35192 
Edina, MN 55435 


Enclosed Is $69.95 (plus $5.00 shipping and handling) per 
MAX keyboard. (For Cursor Kit, add $3.95.) Please send 
MAX keyboards to. 
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AMPLITUDE IN DB 


FREQUENCY 


Figure 5: The frequency (logarithmic magnitude) spectrum of a 25 ms segment of speech. 
It covers the frequencies from 0 to 3.2 kHz. The major peaks correspond to the formant fre- 
quencies while the smaller, regularly spaced peaks are harmonics of the glottal frequency. In 
this case it is obvious that the sound is voiced both from the harmonics of glottal frequency 
which are highly visible and from the fact that the lower frequencies have more energy than 


the higher ones. 


rate and, most important, they tend to 
throw away significant amounts of the use- 
ful information. An example of a very inept 
featur& extractor is, of course, the envelope 
detector mentioned previously. But it does 
have the advantage of extreme simplicity. 

In order to design more sophisticated 
feature extractors some knowledge about 
speech production is necessary. Knowledge 
about speech perception would also be very 
useful but at this point we have no concrete 
information as to how people are perceiving 
speech. |n contrast, the mechanism that 
produces speech is well understood and 
rather simple. It has been previously ex- 
plained in the August 1976 BYTE (page 16) 
in connection with speech synthesis. To 
summarize, speech is produced by exciting 
the vocal tract with either glottal pulses or 
noise while its shape is varied by controlling 
the position of the tongue and the jaws. 
Noise excitation produces unvoiced sounds. 
Glottal excitation produces voiced sounds, 
for example vowels. The movement of the 
articulators (tongue and jaws) changes the 
resonant frequencies of the vocal tract, 
called formants. |t is well known that the 
first three formants, designated F1, F2, F3, 


carry most if not all meaning in speech to- 
gether with timing considerations and type 
of voicing. The glottal frequency, although 
very important in speech synthesis because 
it carries information about the particular 
speaker, carries no information about mean- 
ing. This rather surprising fact is easy to as- 
certain in two ways: First, synthetic speech 
is equally well understood whether the pitch 
(another name for glottal frequency) varies 
according to rules or remains constant. 
Second, whispered speech, which does not 
contain any glottal excitation, is well 
understood. 

It seems then that a good set of features 
for speech recognition would be the formant 
values. Information as to whether speech is 
voiced or unvoiced would be useful but 
not necessary. Unfortunately at this point it 
is not possible to experimentally either 
assert or refute this statement, simply be- 
cause it is not possible to reliably and ac- 
curately extract the formants all the time. In 
addition, the best formant extraction 
methods known are at this point out of the 
reach of any imaginable personal computing 
machine. They involve digital signal proc- 
essing methods which for real time process- 


The first Four-Headed Diskette Drive. 
PerSci stays a generation ahead. 


PerSci has done it. Now the industry's only 
diskette drive with voice coil positioning comes 
equipped with four heads reading and writing both 
sides of two eight inch diskettes to provide supe- 
rior random access capabilities in microcomputer 
and minicomputer applications. The new PerSci 
Model 299 dual-head, dual diskette drive offers 
the highest data capacity, reliability and the fastest 
access speeds available among small storage 
peripherals. It is the first drive to advance diskette 
capability to the level of hard discs. 


8 Times More Capacity... 


Employing double density encoding on both 
sides of two diskettes, the PerSci 299 records up 
to 3.2 Mbytes of unformatted data —eight times 
the capacity of a standard, single density drive. 
This unmatched single drive capacity provides the 
basis for an independent low cost data manage- 
ment system. For maximum media interchange- 
ability with other drives, the 299 will also read 
and/or write one or two single sided diskettes. Up 
to eight 299 drives (32 read/write heads) 
can be daisy chained to achieve a total 
formatted system capacity as high as 
16 Mbytes. Data can be handled in a 
single density IBM 3740 type for- 
mat, in IBM 2D compatible double 
density or in other expanded soft 
and hard sectored formats. 


And Voice Coil Positioning 
For 6 Times More Speed... 


Only PerSci, Inc., has engineered 
voice coil head positioning for 
diskette drives. This design innova- 
tion gives the PerSci 299 drive the 
lowest average seek time of any 
floppy —33 ms including settle. 
The full 76 track access speed of 
the Model 299 is under 100 ms. 


In A Single Small Size Drive... 


While the 299 provides the data capacity 
and access speed of a hard disc drive, it is the 
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size of a standard floppy —only 4.38" x 8.72" x 
15.4" Clp to four 299 drives can be mounted verti- 
cally or two horizontally in a 19" rack. 


With Superior Reliability 

And Ease Of Operation. 
Mechanical and data reliability equal or 
superior to single headed drives — 6000 hour 
MTBF and a soft error rate of 1 in 10?—are made 
possible by PerSci's advanced drive design. A 
write protect feature guards against operator 
error, while front panel lights indicate the diskette 
selected. Electric diskette autoload protects 
diskettes from damage and allows drive 
unload by remote control. 


Join The Next Generation... Now. 


Get PerSci's four-headed diskette drive and 

get the speed, capacity and reliability of hard disc 
drives at a fraction of the size... and cost. Call or 
write for full information 
from PerSci, Inc., 12210 
Nebraska Avenue, West 
Los Angeles, California 
90025. 

(213) 820-3764. 
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Figure 6: A typical Sonagram of an utterance. In a Sonagram the dark areas represent high 
intensity. This example represents the word “machine.” The vertical (y) axis is frequency and 
the horizontal axis is time. The formants are seen as the dark bands that change with time. The 
large dark area about 1/5 of the way into the pattern corresponds to the sound of the "ch" 


in machine. 


ing strain the computational capabilities of 
even the big number crunching computers. 
There is a lesson to be learned from the 
above analysis: Speech is intimately related 
to the resonances of a time varying resonator 
(the vocal tract) and perhaps it is more 
reasonable to expect to find better features 
in a frequency domain representation of 
speech rather than in a time domain one. 


Frequency Domain Analysis 


A usual frequency domain representation 
of a signal is its spectrum (amplitude versus 
frequency). It can be obtained from the 
time domain representation by applying 
what is called the Fourier Transform to it. 
Figure 5 shows the Fourier Transform of 
a speech signal 25 ms long. Note that in the 
time domain signal the horizontal axis of 
a plot is time whereas in the frequency 
domain representation the horizontal axis 
is frequency. A drawback of the Fourier 
Transform is that it is a digital signal pro- 
cessing method and as such it operates on 
the sampled waveform directly, requiring 
very fast computers for real time operation. 


If we are willing to settle for less accurate 
results, there exist analog methods which 
can give us spectral representations in real 
time using relatively simple hardware. An 
interesting spectral representation, based on 
analog methods, is the sound spectrogram 
or "Sonagram" obtained using a device 
called the “Sonagraph.” This device has been 
in existence since the late 1940s and has 
been widely used in speech research. [t gives 
a three-dimensional display of frequency in 
the y axis (vertical), time in the x axis 
(horizontal), and intensity on the z axis. 
The z axis is actually represented by shades 
of black since we are using two-dimensional 
paper. Figure 6 shows a Sonagram. The 
dark areas correspond to areas of high 
intensity and the evolution of formants can 
be observed as dark bands changing with 
time. The Sonagraph is a useful tool in 
speech research and it is mentioned here 
because it is widely referred to in the litera- 
ture. It is of no value as a feature extractor 
to a practical speech recognizer because it is 
nota real time machine and because it costs 
thousands of dollars. 
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ou can't buy information 
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where. This is the book 
that everyone who is into micro- 
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita- 
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro- 
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com- 
plete, it features many glos- 
saries, and is illuminated with 
profuse illustrations and photo- 


graphs. 
The Scelbi/BYTE Primer is 
divided into four logical sec- 


tions, that take you from point 
"0" through building and pro- 
gramming your own computer... 
step-by-step-by-step. 

What can you do with a micro- 
computer? Checkbook balanc- 
ing. Recipe converting and food 
inventory. Heating and air condi- 
tioning control. Home and busi- 
ness security and management. 
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the stock market. Maintaining 
massive data banks. Self-instruc- 
tion. Toys and games. Small 
business accounting and inven- 
tory. And lots, lots more. 
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Figure 7: A filter bank 
feature extractor consists 
of a number of bandpass 
filters (BPF1 to BPF (N)) 
covering the range from 
about 100 to 10 kHz. 
The output of the filters is 
rectified and low pass 
filtered (LPF). Then it is 
multiplexed and digitized 
by the analog to digital 
converter for input into 
the computer. 
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Using Filter Banks for Feature Extraction 


A less accurate yet simple and inexpen- 
sive method for obtaining a spectral repre- 
sentation is a filter bank. It is widely used in 
existing speech recognition machines, in- 
cluding the most successful commercial 
speech recognition system. As shown in 
figure 7, a filter bank consists of a number 
of bandpass filters, covering adjacent fre- 
quency bands. The output of each filter is 
full wave rectified, then smoothed and 
sampled by an analog to digital converter 
for computer input. The output of the con- 
verter for any given filter is related to the 
energy present in the frequencies of the 
filter's passband. 

A filter bank is a useful tool for feature 
extraction. It should be obvious that the 
speech spectrum can change only as last as 
we can move our articulators. The con- 
straints here are about the same as in the 
case of volume changes mentioned before. 
That is, a bandwidth of about 50 Hz is 
sufficient to accurately represent spectral 
changes. This gives us a sampling frequency 
of 100 Hz. Assuming eight filters in our 
filter bank, we get 800 digital words per 
second of speech. |l the converter is ac- 
curate to eight bits, the data rate is 6400 
bits per second, quite reasonable for the 
degree of accuracy retained. What makes a 
filter bank even mere exciting for feature 
extraction is that a number of parameters 
are available that can be manipulated to get 
various tradeoffs of datarale versus accuracy. 
Thus both simple and sophisticated systems 
can be built using the same type of hard- 
ware. The paramcters available for experi- 
mentation are: 


è Number of bandpass filters. 

® Bandpass filter bandwidth and center 
frequency. 

e Bandpass filter 
characteristics. 

€ Amplitude compression. 

€ Smoothing cutoff frequency (sampling 
rate). 


skirt (selectivity) 


It should be obvious that the more filters 
we have, the more accurate the spectral 
representation. A filter acts as an averaging 
device over the frequency in its bandpass 
and thus it destroys local information. By 
increasing the number of filters and restrict- 
ing their passbands this averaging is done 
over a smaller frequency range. 

The bandwidth of the bandpass filters can 
be the same for all filters but usually it varies 
depending on the filter's center frequency. 
It has been shown that the ability of the ear 
to discriminate between closely spaced 
frequencies decreases when these closely 
spaced frequencies are high. Based on this 
observation, the bandwidth of the filters in 
a filter bank is rarely, if ever, the same. 
Instead it is set so that the higher the center 
frequency of the bandpass filter, the wider 
its bandwidth. The setting of a bandwidth 
for a given center frequency is done usually 
on the basis of experience in an effort to 
have enough filters covering the arcas of 
greatest importance. Once a setting is 
decided upon, based on some criteria, 
experimentation may be required to opti- 
mize that particular filter bank. Another 
approach is to decide on some rule for set- 
ting the bandwidths. For example, a success- 
ful recognition system has been built using 
filter banks of third octave bandpass filters 
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the faster 3MHz 8085 processors. 
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All of Dynabyte’s memories 
meet rigid industrial grade stand- 
ards. Design, components, con- 
struction, testing and perfor- 
mance. But if a module ever needs 
repair, we provide factory service 
with 24 hour tumaround for both 
warranty and non-warranty work. 

Ask for the Great Memories by 
Dynabyte at your local computer 
store. You can also pick up com- 
plete product information while 
you're there. 
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computer store, write Dynabyte, Inc., 
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Figure 8: Using a comparator after the low 
pass filter in the filter bank simplifies 
hardware and reduces data rate at the cost of 
discarding useful information. The thresh- 
olds should be adjusted for the voice of each 
individual speaker. In addition, a good 
automatic gain control circuit should pre- 
cede the filter bank to normalize the time 
domain signal. 


covering the frequencies of 150 Hz to 
10 kHz. Such filters are commercially 
available for audio work. 

The skirt or cutoff characteristics of the 
filters in a filter bank is determined by the 
following Factors: 


€ A steep skirt will give better frequency 
separation than a gently sloping onc. 
It will also make for abrupt transitions 
from one filter to the other when a 
formant crosses the boundary. This is 
not necessarily bad but it might affect 
some systems. Both skirt types are 
used in practice. 

€ |i is desirable that the filter exhibit 
linear phase shift in its passband. For 
a given filter order, that means that 
the skirts will be less steep than the 
case without phase restrictions. In 
general, this is not a serious considera- 
tion for a practical system. 

€ The cutoff characteristics depend on 
the order of the filter (the number of 
mathematical poles it has in its design 
equations). Higher order filters give 
sleeper characteristics but require more 
poles and thus cost more. 

è |t is desirable that filters overlap at 
the three db points of their slopes. 


The amplitude (volume) of the speech 
signal is dependent on two factors that 
cannot be controlled easily. These are the 
distance and orientation of the speaker with 
respect to the microphone and the loudness 


THRESHOLD 
ADJ 


N-BIT WORD TO 
COMPUTER 


THRESHOLD 
ADJ 


of the voice at any given time. Volume also 
varies constantly within a given word as we 
have already scen. This can result in a 50 db 
range for the amplitude of the speech 
signal. The dynamic range of an 8 bit con- 
verter which is most likely to be used in 
the environment of computer experiment- 
ers is 20 log (256) = 48.16 db. This seems 
sufficient but it will give severe quantiza- 
tion errors for low amplitude signals. The 
lower the amplitude of the signal, the fewer 
bits will be used to encode it, thus throwing 
a lot of the information out. A 12 bit analog 
to digital converter would help but it costs 
too much and it wastes memory space in 
an 8 bit machine because it takes a word and 
a half to store its output. 

A different approach would be to use 
some form of amplitude compression before 
the analog to digital conversion. Án audio 
automatic gain contro! circuit can be in- 
serted between the audio source and the 
filter bank. It will limit the dynamic range 
of the signal by the amount of compression 
it offers, usually in the range of 20 to 
40 db. Such an automatic gain control cir- 
cuit (AGC) should have very fast attack. 
lts release time should be about two to 
three times the lowest glottal period ex- 
pected. |t should noL be less than that 
because then it will tend to distort the 
signal by compressing between glottal 
pulses. Amplitude compression can also 
be applied after the rectifier smoothing 
filters by taking the logarithm of the signal 
at that point. The logarithm operation is sug- 
gested by the fact that our ears (and all of 
our body sensors) respond to stimuli inten- 
sity in a logarithmic fashion. This fact is 
utilized in every audio amplifier in the 
design of the volume control potentiometer 
which is made logarithmic so sound will 
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seem to increase linearly with shaft rotation. 
The disadvantage of taking the logarithm of 
the smoothed signal is of course the number 
of required log circuits which is equal to the 
number of the filters in the filter bank. The 
logarithm can also be taken by having an 
analog to digital converter that converts 
logarithmically. There is such a product 
available from Precision Monolithics Inc. 
It is the DAC-76 companding digital to 
analog converter that can be used Lo build an 
8 bit logarithmic analog Lo digital converter. 

As a final note to amplitude processing 
we should mention a method used in a num- 
ber of small systems. In its simplest form it 
consists of using in the place of the multi- 
plexer and the analog to digital converter a 
number of comparators which change state 
when the input voltage exceeds a presel 
threshold as shown in figure 8. The output 
of the comparators forms an N bil binary 
word where N is the number of the filters 
in the filter bank. This gives a significant 
reduction in data rate and works for small 
vocabularies of the order of 8 to 12 words. 
It requires a good automatic gain control 
before the filter bank, and its major weak- 
ness is that the comparator thresholds 
have to be manually adjusted for cach 
individual speaker. A variation of this 
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Figure 9: The differential comparator 
feature extractor detects which one of two 
adjacent bandpass filters has the highest 
energy. The output of each pair of filters is 
summed together and compared with the 
sum of the next pair of filters, yielding 
another, coarser comparison from the 
frequency viewpoint. In this example, the 
output of eight filters (we assume that the 
output of the blocks labeled BPF is the 
rectified and smoothed output of the 
bandpass filters) is encoded into a 7 bit 
digital word. The computer performs pattern 
recognition on time varying sequences of 
these 7 bit words. 


method is used in a commercial recognizer 
made by Scope Electronics (US Patent 
$3,812,291). In that system the compara- 
tors are connected between two consecutive 
filter outputs to detect the slope or frequency 
profile. Figure 9 shows this differential com- 
parator connection. Compared to the fixed 
threshold method it has the advantage that 
no adjustment for the individual talker is 
needed and the automatic gain control! be- 
fore the filter bank is not necessary. Its dis- 
advantage is that it throws away more infor- 
mation than the fixed threshold method. 
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Memory is an important part of a computer 
system. So don't even think of settling for a 
poor quality RAM board. Central Data offers 
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a one year warranty to insure your satisfaction. 
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with capacity to 32K. You can purchase a 16K 
board and expand later or buy a full 32K. 
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power of a static RAM. 

Price. You can buy a 16K RAM board, com- 
pletely ready to use, for only $289. A full 32K 
RAM board is available for $475, or you can 
add on later for only $200. 


When you buy our memory board, you'll 
be buying the best equipment at the best price. 
Order yours today a mail or phone. 
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Figure 10: The frequency 
response of the two filters 
is designed to separate 
F1 and F2, when used ina 
zero crossing based for- 
mant detector. The filter 
characteristics overlap in 
the region of formant 
overlap but their slopes are 
designed to separate the 
two formants. 
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The final parameter that can be adjusted 
in the filter bank feature extractor is the 
cutoff frequency of the smoothing filters. 
Reducing it reduces the data rate. Depending 
on the amount of reduction significant infor- 
mation may or may not be lost in this step. 
Sampling the output of the filters every 20 
to 30 ms is tolerable in small vocabulary 
systems. The main consideration here is to 
find a combination of number of filters, 
analog to digital conversion quantization 
and sampling rate that will maximize the 
information retained and minimize the data 
rate of the pattern. 

In summary, a filter bank offers a good 
yet inexpensive real time feature extractor 
which can be utilized in a speech recognition 
system. Properly used, it has performance 
similar to systems based on linear prediction 
residuals, a state of the art digital signal 
processing technique. 


Zero Crossing Detectors 


Another feature extraction technique 
that was popular for its simplicity in the 
early days of speech recognition is formant 
tracking using zero crossings. It is interesting 
to note that probably the first widely known 
speech recognizer capable of recognizing the 
digits was built in 1952 at Bell Labs using 
formant tracking based on zero crossing 
measurements. The contraption was gro- 
tesque by today's standards, using vacuum 
tubes as active elements and capacitors for 
memory. It was claimed that it achieved 


97 percent recognition accuracy, Its formant 
tracker was based on two well known 
principles: First F1 and F2 formants span 
two different frequency ranges, that is F1 
moves roughly between 200 and 1000 Hz 
and F2 moves between 800 and 3500 Hz. 
There are cases for which this is not true 
but for about 98 percent of the time this 
holds for any speaker, man or woman. 
Second, F1 and F2 of a given speaker for a 
given vowel remain about the same day after 
day of testing. (This is not true for the 
same vowel pronounced by different speak- 
ers and thus the machine has to be trained 
to a given speaker before it can recognize his 
or her speech.) This means that we could 
isolate the first two formants and they 
would be useful as features. Two bandpass 
filters centered around the respective 
formant regions would separate the formants 
except when they are in the overlapping area 
of 800 to 1000 Hz. 

It turns out that when we highly amplify, 
then clip a signal to obtain the instances 
when the signal crosses zero, the problem is 
taken care of automatically. If the bandpass 
filters slope in the overlap region as shown in 
figure 10, F1 will always be stronger than F2 
at the output of the F1 filter and vice versa. 
The clipper has a property called "capture" 
which means that any signal that is a few db 
or more stronger than another will swamp 
out the weaker signal and the output of the 
clipper will contain only the strong signal. 
This phenomenon occurs also in FM radio 
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reception with a limiting (clipping) inter- 
mediate frequency (IF) stage. It is one of 
the reasons FM was chosen for quality 
broadcasting, ie: it is not susceptible to 
interference from other weaker stations 
or interference from noise. Filtering and 
capture ensure that the output of the 
clipper contains only one frequency, the 
formant we are tracking. Determining 
what that frequency is requires nothing 
more than counting how many times the 
square wave output of the clipper crosses 
zero within a given interval, perhaps 20 ms. 
The data rate of the zero crossing formant 
extractor (see figure 11) is quite low, about 
50 samples per second consisting of two 
8 bit words per sample, a total of 800 bits 
per second. 

In practice it works well with vowels, 
especially if there is no significant F1 and 
F2 overlap. Formant overlap and noise do 
affect its performance and thus limit its 
applicability. It is perhaps the simplest viable 
feature extractor that can be used and it 
does not contain any critical analog cir- 
cuitry. One word of caution about the 
implementation, learned the hard way: an 
8080 processor running with interrupts 
generated by the rising and falling edges of 
the clipped F1 and F2 signals is not fast 
enough to keep up with the pace in some 
cases and data is lost. Rather than trying 
an all software approach, | recommend that 
two hardware counters be used, read and 
reset by the computer every 20 ms. These 
counters are shown in figure 11. 


Pattern Recognition 


A set of features representing a word is a 
pattern corresponding to this word. Pattern 
recognition is the process by which, given an 
unknown pattern, we decide which word 
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Figure 11: A zero crossing formant extrac- 
tor. The zero crossing method of formant 
extraction uses two special bandpass filters 
to separate the formants. The output of the 
filters is passed through a zero crossing 
detector (a comparator whose threshold is 
set to zero) that puts out a logical "I" ora 
"07 depending on whether its input is 
positive or negative. The output is fed into 
a counter for egch formant and the number 
of "0" to "T" transitions is counted for 20 
ms. Then the counters are read by the 
computer and reset to start the next 20 ms 
counting period. An envelope detector 
(rectifier followed by a low pass filter) feeds 
a comparator whose threshold is set to de- 
tect word beginnings and endings. 


this pattern represents. An alternate term is 
pattern classification. A basic process of 
pattern recognition is template matching. 
The unknown pattern is compared to a 
number of reference patterns stored in mem- 
ory and the differences between the 
unknown and the references are noted. 
Obviously the smallest difference indicates 
a best match and the unknown word is the 
word that corresponds to the reference 
pattern that gave the smallest difference. 

There exist many ways to compare two 
patterns. Since features are represented by 
numbers, the most straightforward way is to 
compute the numerical difference between 
corresponding samples and then sum all 
those differences. That sum would be a 
measure of similarity between the patterns. 
There is a small precaution to be taken in 
practice when computing the sum of the 
differences. All differences should be posi- 
tive. Otherwise when we sum them, negative 
differences will cancel positive ones and the 
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effect would be a smaller total difference 
than is actually the case. To make sure 
that all differences are positive we can take 
the absolute value of the differences before 
we sum them. This is done simply by making 
any negative distances positive and leaving 
the positive ones alone. A fancy name for 
the absolute value of feature differences is 
"Chebyshev distance." "Euclidean distance" 
is another fancy name used to denote the 
square root of the sum of the squares of 
individual differences. The square of a num- 
ber is always a positive number and this 
overcomes the problem of adding differences 
with different signs. Squaring takes much 
more time than finding the absolute value 
and it turns out it is no better than the abso- 
lute value as an indicator of degree of match. 

Another pattern recognition technique 
not based on template matching is “linear 
discrimination." |t is not very useful in 
practice but it excites people's mathematical 
instincts enough to write papers about it so 
we will mention it for the sake of complete- 
ness. If we view the features as dimensions in 
a multidimensional space (also called hyper- 
space), a pattern becomes a point in that 
space, If the points for all pronunciations of 
a word cluster together in a region of this 
hyperspace and regions corresponding to 
different words do not overlap, we can de- 
fine hyperplanes that separate these regions. 
To classify a pattern then we can check to 
see if it is in a region enclosed by a given set 
of hyperplanes and keep checking until we 
find which region it corresponds to. If the 
regions cannot be separated by hyperplanes 
the feature space is not linearly separable 
which means that we can try to enclose the 
regions in sections of hyperplanes. It often 
turns out to be a matter of luck whether the 
feature space turns out to be even non- 
linearly separable. The net result is that 
linear discrimination is often difficult if not 
impossible to use in practice. 

Pattern recognition can also be achieved 
using a set of tests on a patiern to decide 
which word it represents. A simple example 
of that method is the rules used in the pre- 
viously mentioned case of the volume signal 
to determine which one of the three words 
acceptable to the system has been pro- 
nounced. In a more complex system it is not 
very easy or accurate to do all the recogni- 
tion by rule. Too many rules might be re- 
quired and mistakes in the application of 
key rules might cause misrecognition or re- 
jection. This last problem does not occur in 
template matching because each feature has 
equal say in the decision process; therefore 
a few bad features do not affect the result. 

Rules can be used successfully together 
with template matching to speed up the 


matching procedure or to act as an addi- 
tional accuracy check. For example, in a 
recognition system that accepts the digits 
O to 9, we might recognize a word as “six” 
by template matching but we may not be 
very sure that it is actually a "six": while 
the distance from the reference correspond- 
ing to ‘‘six'’ was the smallest it might also be 
too close to the threshold for a conclusive 
determination. Applying the rule that both 
the beginning and end of “six” have to be 
unvoiced we can either confirm our re- 
cognition or increase the suspicion that 
something is wrong, depending on the out- 
come of the test. In another situation we 
might check before template matching to 
see if the volume of the word has two 
approximately equal humps. If this test is 
passed we can then do template matching 
on the words "seven" and "zero'' which are 
most likely to exhibit a 2 humped volume 
pattern. If template matching on one of 
these words gives a very good match well 
below threshold, we could accept it without 
further testing of the other patterns, thus 
saving testing time. 

An interesting hybrid (template matching 
combined with discrimination by rule) 
recognition scheme is phonemic pattern 
recognition. It is based on the observation of 
phoneticians that human words are made up 
of a limited number of building blocks 
called phonemes. In English there are about 
50 distinguishable phonemes. These 
phonemes were designated mainly by 
listening tests. Trying to automatically 
extract the phonemes is very difficult be- 
cause our machines do not even approach 
the generalizing capabilities of the ear when 
it comes to speech. Proposals have been 
made to use from 200 to 700 basic units of 
speech for machine recognition in the hope 
that it will be easier to discriminate between 
those less general “phonemes.” Reducing a 
word to a sequence of phonemes gives us a 
very low data rate pattern and simplifies pat- 
tern recognition, assuming of course that 
phoneme extraction is accurate. Phoneme 
extraction can be done using template 
matching, and recognition of a phonemic 
sequence can be done by rule. 

Unfortunately in real life things are not 
that easy. The number of individual phone- 
mes a machine can recognize depends on the 
type and number of features its preprocessor 
extracts. There exists no way to find out for 
sure what are the essential features that 
determine the phonemes for a given system 
except by tedious trial and error. In addi- 
tion, coarticulation effects tend to change 
the pattern of phonemes depending on the 
phonemes that come before and after it. 
These effects can generate quite drastic 
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changes in the pattern of a phoneme to the 
point that template matching is useless for 
recognition. In those cases some form of 
recognition by rule should be applied to 
separate the phonemes. 

These problems are compounded by the 
fact that when we decide which phoneme 
represents a segment of speech we throw 
away all the features that make up the pat- 
tern for that speech segment. As a resull, if 
our decision was mistaken for some reason, 
we have lost that portion of the speech pat- 
tern and even worse, we have substituted a 
potentially confusing phoneme. This is 
always a problem when we compress data 
too much. A piece of bad information can 
have very unpleasant consequences because 
due to the high compression factor there is 
not very much information available on 
which to base alternate decisions. À way 
around this problem would be to store the 
raw data until the final decision is made, 
if we are not confident in our decision for 
some reason we could go back and check 
the point af dispute. This is an example of 
the hypothesize and test method where on 
the basis of incomplete information a 
hypothesis is made as to what the word is 
and then the data is checked closely to 
either verify or reject the hypothesis. A 
disadvantage of this method is that it is 
time consuming computationally. The alter- 
native to storing thousands of reference pat- 
terns in memory for template matching on a 
large vocabulary is cumbersome, to say the 
least. Finding a best match with templates 
when the vocabulary is big will take too 
much time even on very fast computers. 
Training the machine by storing reference 
patterns is still another disadvantage of 
template matching when the vocabulary is 
large because it takes a lot of user time to 
pronounce the training words. 

Recognition of connected speech cannot 
be done using a simple template matching 
recognizer for two reasons thal also com- 
plicate recognition of phonemes: First, it is 
very difficult to find word beginnings and 
endings in connected speech. Second, 
adjacent words affect pronunciation because 
of coarticulation. Practical recognizers at 
this time are limited to isolated word recog- 
nition and they require that each word be 
spoken individually. This is not as restrictive 
as it might seem because, with practice, 
words can be pronounced in sequence quite 
rapidly, up to 70 words per minute. Other 
usual restrictions on current pattern recog- 
nizers are the need for low ambient noise 
and a cooperative speaker. Cooperative here 
means a speaker who is willing to pronounce 
the words clearly, evenly, and with a con- 
scious attempt at uniformity. 


An Example of a Speech Recognizer 


The basic components of any speech 
recognizer are the feature extractor and the 
pattern recognizer. The feature extractor 
is also called the “front end" or "preproc- 
essor" and it is usually made up of analog 
circuits. The pattern recognizer nowadays 
is always a digital computer. We have seen an 
overview of what these two basic functions 
are, how they relate to the speech signal and 
how they are usually implemented. lt is 
time now to give a block diagram of a speech 
recognition system using a particular method 
and go into greater detail about the func- 
tions and implementation of the various 
elements. | have chosen for this example a 
filter bank analyzer because | believe this 
particular approach will give the best results 
with the 8 bit microprocessors popular 
with computer amateurs. It is also a well 
known and proven approach, thus more 
likely to give consistent results than any 
other method. It is not the simplest possible 
approach and | expect to see a number of 
simple recognizers for personal computing 
machines based on zero crossing detection 
methods or combinations of zero crossing 
analysis and some sort of filtering. While 
it is possible that unusual feature extractors 
could give surprising results, the chances 
of something like that happening are very 
small. Speech recognition has a history 
about 30 years long and during that time 
many schemes have been tried, none of 
which gave better results in practical real 
time situations than the filterbank feature 
extractor. 

Figure 12 is a block diagram of a com- 
plete filter bank feature extractor. Let us 
pay close attention to the specifics of 
its elements. 


Microphone 


If the system is to operate in a quiet 
room, the only consideration for the micro- 
phone would be a reasonably flat frequency 
response extending to about 8 kHz. In 
practice a quiet room is rarely the case. 
Radios, passing cars, the TV, the Teletvpe, 
the phone ringing, people talking are all 
usual sources of background noise which 
might trigger the recognition system or 
interfere with the words to be recognized. 
Once this background noise mixes with the 
desirable signal there is not very much we 
can do to separate them. The most benefit 
in a noisy situation can be derived by 
achieving high signal to noise ratio at the 
microphone. This can be accomplished 
either by using a close talking microphone 
like the ones used by aircraft pilots or 
telephone operators or by using a direc- 
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tional microphone. A directional micro- 
phone such as a cardioid will work best 
when the speaker is facing the noise source 
and there is no sound reflecting surface 
behind him. This last point is easy to over- 
look when using a directional mike so it is 
very important to remember that noise can 
get to the mike in its sensitive direction by 
reflection. A close talking mike depends 
basically on its distance from the speaker's 
mouth to separate between noise and speech 
and it is most helpful when the speaker 
moves unpredictably with respect to the 
noise source and when the environment 
is very noisy and reflective. The microphone 
should be positioned close to the mouth 
using a headphone strap or an eyeglass clip. 
This may or may not he a disadvantage 
depending on the application. 


Audio Preamplifier 


The audio preamplifier is quite straight- 
forward in design being just a low level audio 
amplifier with flat frequency response unless 
it is used to equalize the response of the 
mike. There should be provisions to adjust 
its gain so that it can be matched to differ- 
ent mikes or background noise conditions. 
This is an infrequent adjustment and it 
should be hidden from the casual user. 


Changing the gain of the preamp affects 
the point at which the automatic gain con- 
trol starts compressing and it should be 
done carefully. 


Automatic Gain Control 


As mentioned previously, the AGC 
should have very fast attack because in many 
instances the volume of speech increases 
very rapidly. Its release time should be 30 
to 60 ms, fast enough to follow instances 
of quick decaying speech volume but not so 
fast that it will compress between glottal 
periods. If the AGC has a compression range 
of about 40 db it functions as amplitude 
normalizer so we do not have to do any 
normalization of the filter outputs in the 
computer, 


Filter Bank 


Eight filters were chosen for the filter 
bank simply because analog multiplexers 
are available with either & or 16 inputs 
and 16 filters are just too many. Another 
reason is that a workable system can be 
made with six filters as shown by George 
White (see references) and eight will cer- 
tainty give adequate performance. There 
is a compromise made here between cost 
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required storage and processing time on one 
hand and frequency resolution on the other. 
An interesting study will be to vary the 
number of filters in a given recognition 
system from let's say 1 to 16 and plot the 
recognition accuracy versus the number of 
filters. The center frequencies and the band- 
widths given for the filters are merely an 
educated guess, based on knowledge of 
where the "action" is in the speech spectrum 
and on experimental results published so 
far. In a practical system some “tweaking” 
is highly recommended to achieve best re- 
sults and to the true experimenter it should 
be irresistible anyway. The skirt character- 
istics of the filters should be from 24 to 
48 db per octave. Steeper slopes require 
more poles in the filter which in turn re- 
quire precision components so the desire 
for steeper slopes should be traded off with 
the realities of implementation. There are 
basically two approaches to implementing 
the filters: First hybrid active filters using 
the biquad configuration such as the 
National AF-100 or the Kinetics Technology 
FS-S0 or the Burr-Brown UAF-31 can be 
used. They are quite easy to use but they 
have the disadvantage that they cost a lot. 
Second, one can build filters out of opera- 
tional amplifiers. Since we are dealing with 
law audio frequencies, under 5 kHz, inexpen- 
sive 741 type op amps can be used as active 
elements. This will be less expensive than the 
previous approach but you will have to build 
the filters yourself, not necessarily the kind 
of trade-off everyone likes. 


Rectifiers and Low Pass Filters 


The use of relatively low level signals 
in the system makes the use of a precision 
rectifier after the bandpass filters mandatory. 
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OUT 


In precision rectifier circuits op amps are 
used to eliminate the forward voltage drop 
of the silicon diodes, that is 0.7 V, thus 
making the circuit behave like an ideal 
diode. Full wave rectification is desirable to 
give low ripple. A suitable precision rectifier 
circuit is shown in figure 13. A low pass 
filter is suggested to smooth the output of 
the rectifier. A 2 pole Butterworth filter 
with a cutoff frequency at about 20 Hz will 
work well and is shown in figure 14. Instead 
of the low pass filter we could use an inte- 
grator that is reset every time it is read by 
the analog to digital converter. The inte- 
grator output would be proportional to the 
average of the energy in the frequency band 
of the given filter during the period between 
reads. This of course is more complicated 
than using just a iow pass filter and it is 
questionable whether it will give better re- 
sults. It has been used in the past though 
and it is covered by a patent for use in 
vocoders. 


Muitiplexer and Analog to Digital Converter 


There are several monolithic 8 channel 
analog multiplexers such as the Harris 
HI 508 or the Burr-Brown MPC-85 but the 
RCA CD4051 is the best choice, costing 
only $1 in single quantities compared to 
around $15 for the others. There is no need 
for a sample and hold because the preced- 
ing low pass filter assures that the signal does 
not change quickly. An excellent choice 
for the analog to digital converter is the 
National MM5357N which at $11.95 is three 
times cheaper than the competition. Making 
your own analog to digital converter from 
scratch using an 8 bit digital to analog con- 
verter could cost half as much assuming you 
do not count your time. 
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Figure 14: A 2 pole 20 Hz 
low pass filter (LPF) suit- 
able for smoothing recti- 
fied speech audio in figure 
72. 
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You will notice that neither volume nor 
information as to whether the signal is 
voiced or unvoiced is explicitly extracted 
by the feature extractor of figure 12. These 
features are not lost. They are buried in the 
output of the filters. The sum of the filter 
outputs, for instance, at any sample paint in 
time is the volume for that sample. A voiced 
sound has most of its energy under 1000 Hz 
and the opposite is true for unvoiced sounds. 
If we divide the sum of the outputs of the 
four higher frequency filters by the sum of 
the outputs of the four lower frequency 
filters we will get the ratio of the energy in 
the 1000 to 6000 Hz band to the energy in 
the 100 to 1000 Hz band. If this ratio is less 
than ], the sound is voiced; otherwise it 
is unvoiced. 

There are many ways of utilizing the 
features extracted by the filter bank feature 
extractor in a pattern recognizer. Actually 
this versatility is one of the desirable charac- 
teristics of the filter bank. Here | will de- 
scribe only one possible approach to illustrate 
the various principles involved. Since all 
pattern recognition is done in software, 
experimentation in this area is easy and 
fun since you don't have io buy or build 
additional hardware to improve your rec- 
ognizer. A pattern recognizer has two basic 
modes of operation: training and recogni- 
tion. During training it performs the follow- 
ing functions: 


€ Word boundary detection (beginning 
and end). 

€ Pattern input and normalization. 

€ Reference pattern storage. 


In the recognition mode, reference pattern 
storage is replaced by pattern matching 
(classification). Training is required to 
generate reference patterns for the words 
that form the vocabulary of the recognizer. 
When a different speaker wants to use the 
system, retraining is necessary to generate 
reference patterns for the new speaker's 


pronounciation of the words. Implicit in 
our discussion is the assumption that we 
limit our recognizer to isolated word rec- 
ognition. Moreover, these words are to be 
drawn from a limited vocabulary of about 
10 to 30 words in size. 


Word Boundaries and Normalization 


In operation, the word boundary de- 
tection module reads the output of the 
filter bank every 10 ms and stores it in a 
temporary storage area. To do this an input 
routine sequences the multiplexer, starts the 
analog to digital converter and reads the data 
into memory. A simple and usable means of 
detecting word beginnings and endings is to 
sum the output of the filters and compare it 
to a given threshold, If the energy exceeds 
the threshold, a word has begun. There is a 
precaution to be taken however when using 
volume for word boundary detection. Cer- 
tain consonants called plosives or stops 
(p,tk,b,d,g) are generated by building up 
pressure and then suddenly releasing it. 
While the pressure is being built up no sound 
is generated and this silence period or "stop 
gap” can last up to 150 ms. If this occurs in 
the middle of a word as in "ago" for exam- 
ple, the simple boundary detector will be 
fooled to think that two separate words 
occurred. This can be corrected easily by 
considering any "words" less than 200 ms 
apari to be parts of one word. Another 
problem arises when a noise pulse occurs 
without any word being said as in the case 
where something ts dropped on the table. 
To prevent the word boundary detector 
from accepting such noise as a word, we 
define any sound with duration less than 
150 ms as noise because words are not that 
short. These modifications will make the 
boundary detector quite successful for 
Operation in a quiet room with a careful 
speaker. For any other situation consider- 
able additional sophistication might be 
necessary. In a noisy environment the 
threshold for word detection has to be 
increased so that the detector will not trigger 
on background noise. But increasing the 
threshold will tend to chop off the low 
amplitude beginnings and endings of some 
words and this can affect recognition sig- 
nificantly. If the speaker is careless or he is 
physically strained when he speaks because, 
for example, he is lifting something heavy, 
breathing noises will tend to be considered 
as part of the word being said, further 
degrading recognition. In these situations a 
sophisticated boundary detector is very 
helpful in maintaining system performance. 
Once the beginning of a word is detected, 
the pattern input starts, Every 10 ms the 
output of the filters is sampled and stored in 
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consecutive memory locations in the buffer 
area, The duration of the longest word can 
be expected to be less than 1.2 seconds, 
giving us a maximum of 120 samples to 
store in the buffer. Thusa 1 K buffer will be 
sufficient. 

Upon detection of the end of the word, 
some form of time normalization is required 
before the next step. This need arises from 
the fact that people do not time their 
pronunciations the same every time. [hey 
may say "zero" one time and "zeroo" the 
next. Before we can do template matching, 
if we are to be successful, these timing varia- 
tions should be removed. Linear time nor- 
malization is a technique of doing just that. 
To demonstrate the principle assume that 
the normalized word length is 16 8 byte 
samples and that our buffer contains 65 
8 byte samples. To do time normalization, 
all that is necessary is to retain every fourth 
sample and throw away the rest, as shown 
in figure 15. If the number of samples in 
the buffer is not a multiple of 16 plus 1 
(16 + N)*l, a number of rules can be 
implemented to resolve the problem. For 
example, if there are up to four less samples 
than (16 * N)*1, then samples in areas of 
high amplitude can be duplicated to reach 
a number of samples that is exactly 
(16 - N)*1. The assumption here is that in 
areas of high amplitude interesting things 
exist. It is not necessarily a correct assump- 
tion but it can give an idea of what can be 
done to adjust the length of the word 
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CAN BE APPLIED TO NORMALIZE LENGTH TO SIX SAMPLES 


Figure 15: Linear time normalization compresses the stream of input samples 
to a fixed number of samples (in this case six) by selecting a sample at regular 
intervals. The resulting fixed length for all words facilitates feature matching 
for pattern recognition. Various techniques (such as duplicating samples) 
are used to make the number of inputs fit the selection rule. 
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without resorting to linear interpolation, 
Larger discrepancies can be treated similarly 
but duplication should occur throughout 
the word to avoid stretching only a part 
of it. Omission of samples can be used as 
well, to adjust the length. Insertions and 
deletions can be made in a number of 
locations in the word based on criteria 
other than local amplitude. For example, 
deletions in the beginning or ending of 
words, or slow spectral changes are other 
possibilities. The best guide as to whal 
works for any given system is some ex- 
perimentation with various techniques. 

In usual practice, all words in a voca- 
bulary for a given system are normalized to 
the same length, regardless of their actual 
length. It might be useful, though, if a large 
proportion of the words of the vocabulary 
are distinctly. different in length from the 
rest, for example "ves," ''no," “on,” "off" 
compared to "television," "instrument," 
"telephone," to have two normalization 
lengths. An added benefit to the obvious 
savings in pattern storage memory would be 
a reduction in classification time because 
there is no point in trying to find a match 
between a long and a short word. 

A more advanced form of time normali- 
zation is based on dynamic programming 
techniques. lt is basically a systematic ap- 
proach to stretching and compressing the 
unknown word in time until it best fits the 
reference pattern. It gives excellent results 
but it has two drawbacks: !t is time con- 
suming and it requires storing all the input 
samples for a given word as reference pat- 
terns. Despite its shortcomings, its superior 
performance makes it a very interesting 
technique. Its detailed analysis is not within 
the scope of this article. 

The final phase of the processing of the 
unknown word depends on whether we are 
in the training mode or the recognition 
mode. In the training mode all that is 
necessary after time normalization is to store 
the resulting pattern in memory in an area 
designated for the word pronounced. To 
improve performance two or more reference 
patterns may be used for a given word to 
account for variations in pronunciation. For 
example the speaker may be required to 
pronounce cach word in the vocabulary 
twice (although not one immediately after 
the other to avoid similarity as much as 
possible) so that two references will be 
generated and stored for each word. Varia- 
tions of this scheme include making the 
speaker repeat a word until it is sufficiently 
different from the first reference or changing 
the second reference adaptively as the sys- 
tem is used. In the recognition mode the 
normalized unknown word is compared to 
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Figure 16: Shifting the unknown left and then right one position helps pre- 
vent mismatches due to missing ends or beginnings. In this case the right 
shift gave a good match. This test has been simplified to one parameter (S) 
which might be the output of one filter in a filter bank. 
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each reference pattern. by computing the 
sum of the absolute values of the differences 
of the features. The smallest sum indicates 
the best match between the unknown and 
that reference. This alone is nol sufficient 
for recognition because a word that docs 
not belong to the vocabulary of the system 
will always give a best match because one of 
the reference patterns b bound to be more 
like it than the others. To avoid "recog- 
nizing" words that are not in the vocabulary, 
we impose the restriclion that successful 
recognition requires that the smallest elif- 
ference measure will be smaller than a given 
threshold. This threshold has to be found 
experimentally for any given vocabulary. If 
it is too high, it will allow for acceptance 
of words that are not part of the vocabulary. 
If it is too small, words that are in ihe voca- 
bulary but not pronounced very close Lo the 
stored references wil! be rejected. 

Word beginnings and endings usually 
have low amplitude and it is possible that 
the word boundary detector could chop 
them off. If that happens, it will must likely 
happen only occasionally and às a result 
there will be instances where the reference 
and unknown patterns are shifted with rce- 
spect to each other in time. For this reason, 
if computer time is available, the unknawn 
may be shifted 1o the right ane position and 
the difference calculated and then to the left 
and the difference computed again as shown 
symbolically in figure (6. The smallest of 
the three differences thus computed is to be 
used as the indicator of match quality. 


When a word is recognized it can be used 
directly to perform a function which could 
be, for example, the equivalent of pushing a 
key on a calculator. In some instances it is 
necessary or desirable that more than one 
word be used to perform a single function. 
For example the sequence of the words 
"light on” can perform the function of turn- 
ing on the lights in a room. In these cases 
there should be a subroutine to check if 
the word sequence is correct. For example, 
the word "light" should be followed by the 
words "on" or "off." If the word "radio" 
follows, we know that either "radio" or 
"light" has been misrecognized. These 
syntaclical constraints decrease the proba- 
bility that an incorrectly recognized word 
will cause something undesirable to happen. 
This is due to the fact that for a senlence to 
be correct, all the words that form it have to 
be correct, at least syntactically. Syntactic 
constraints of course do not help when the 
words have the proper sequence but are still 
noi correct. For example, if we are con- 
trolling a vehicle of sorts and we say "'for- 
ward faster," if "faster" is recognized as 
“slower”? the sentence will be syntactically 
correct but it will not do what we want. 


Performance 


The performance of a recognizer is evalu- 
ated on the basis of the percentage of the 
words it recognizes correctly out of the total 
pronounced. For a given recognizer the 
recognition score will vary from speaker ta 
speaker, with the speaker's emotional condi- 
tion and with the level of background noise, 
to mention some of the variables. Recog- 
nition scores quoted in articles and adver- 
lisements are likely to be the ones obtained 
with best conditions and they are nat neces- 
sarily indicative of the performance of the 
recognizer under actual conditions. There 
exist three types of recognition errors: 
failure to recognize a given word, substitu- 
tion (recognizing one word for another) 
and misrecognition (recognizing a word not 
in the vocabulary). The first type of error 
is in most cases merely an annoyance re- 
quiring that the user repeat the word. The 
last two types of error can cause problems 
because the recognizer will give a response 
which is wrong. Failure to recognize will 
occur when the recognition threshold (the 
maximum that the smallest difference sum 
can be to recognize a word) is set too low. 
Setting the threshold too high will result in 
misrecognition, as mentioned previously. 
Substitution becomes a problem when the 
vocabulary size is increased. To avoid sub- 
stitution the vocabulary can be divided in 
two segments and a shift word used to 
switch between the two segments of the 
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vocabulary. The shift word can be "shift" 
or "change" for example. This would cor- 
respond to the shift key on a typewriter or 
the function ("f") key on a calculator. The 
user will have to remember in what segment 
he currently is and when a word from the 
other vocabulary has to be pronounced he 
should preface it with the shift word. The 
system can provide the user with an indi- 
cation such as an LED to remind him of 
the current segment. Using a number of dif- 
ferent shift words it is possible to extend the 
technique to several segments of a large 
vocabulary. 


Advanced Systems 


The hottest areas in speech recognition 
today are feature extraction using digital 
speech processing and speech understanding 
systems. Unfortunately both are out of the 
reach of the capabilities of the usual amateur 
computing experimenter’s machines. In 
addition they tend to be involved theoreti- 
cally so we will only briefly mention them 
here. Digital speech processing involves 
operating directly on the sampled time 
domain waveform and as it was mentioned 
earlier it requires very fast computers. One 
of the most usual operations is the Fourier 
Transform. It is computed using a fast al- 
gorithm called the FFT for Fast Fourier 
Transform and the result is the spectrum of 
the signal as was shown in the example of 
figure 5 (actually figure 5 is the log of the 
magnitude of the spectrum). Its advantage 
over output of a filter bank is resolution and 
accuracy. A typical FFT derived speech 
spectrum is made up of 128 frequencies 
spanning the range from O to 5 kHz. The 
amplitude at each frequency is specified 
with 12 to 16 bit accuracy. Such perfor- 
mance is very difficult to achieve using 
analog components and certainly not eco- 
nomical. The output of the FFT can be used 
directly by making different measurements 
on it to extract features, such as the for- 
mants. IBM is using this approach in their 
research effort in speech recognition which, 
by the way, is very well funded, in the range 
of millions of dollars per year. 

Another digital method for speech pro- 
cessing is "linear prediction." It is a method 
by which the impulse response of the vocal 
tract can be extracted from the speech sig- 
nal. It is basically a time domain operation 
and it involves predicting the next sample of 
the waveform on the basis of a linear com- 
bination of the N previous samples. |t can be 
used for formant extraction but it is at 
limes quite sensitive to minor aspects of 
the input signal so it is not as reliable as 
might be desired. When it works it gives 
excellent results and therefore it has a lot 


of promise as a formant tracking tool. It 
has also been used in isolated word speech 
recognition by storing the vocal tract im- 
pulse response it generates as reference 
pattern and then comparing it with the im- 
pulse response of the unknown. It gave 
very good results in a vocabulary of 200 
words. As it would be expected, this method 
yields results very similar to the filter bank 
approach because they are very similar in 
substance although totally different in 
implementation. 

Formant extraction can also be achieved 
with “cepstral” analysis which is based on 
the Fast Fourier Transform. The cepstrum 
is the spectrum of the logarithm of a spec- 
trum. These operations separate the impulse 
response of the vocal tract from the driving 
function. [ts name is derived from the word 
specirum spelled more or less backwards 
because the operations involved in obtain- 
ing it are very similar to spectral analysis of 
a time domain signal. It gives very good re- 
sults when used for pitch extraction but 
when used for formant extraction it is not 
very reliable. It tends to fail in different 
ways than the linear prediction methods so 
perhaps the two methods combined will 
yield good results. 


All these methods will become more 
common!y used as computer technology ad- 
vances decrease the cost of very fast com- 
puters. Because of their accuracy (at least 
when the data is to their liking) these al- 
gorithms are bound to play a significant 


role in feature extraction of future 
recognizers. 
Speech Understanding 

Speech understanding systems differ 


from speech recognition systems in that 
they do not just recognize sequences of 
words but instead they use knowledge about 
the subject of discussion to check if the 
word sequences make sense. They use syn- 
tactical analysis as previously mentioned as 
well as context analysis to improve recog- 
nition. For example, a speech understanding 
system used to input the moves of a chess 
player to the computer (an experimental 
system doing just that has been built at 
Carnegie-Mellon University) checks the 
recognized sentences for syntax errors and 
then checks whether the sentence gives a 
legal chess move for the particular situation. 
Speech understanding systems are usually 
designed with a specific problem domain in 
mind for which the semantics are known. 
The US Defense Department's Advanced 
Research Project Agency (ARPA) has spent 
about $30 million on the development of a 
speech understanding system in the last 


five years. The results have not been too 
exciting, an indication that high perfor- 
mance speech recognizers are hard to build. 


Commercial Systems 


Threshold Technology Inc, Dialog Inc, 
Perception Technology and Scope Elec- 
tronics all offer commercial speech recogni- 
tion systems capable of recognizing isolated 
words from 16 to 32 word vocabularies. 
Of these, Threshold Technology is by far the 
most successful commercially and their 
systems are used in a variety of industrial 
applications, such as baggage handling in 
airports (the destination is spoken to the 
system which in turn routes the baggage) 
and quality control inspection (the inspector 
uses his or her hands to hold a micrometer 
and take measurements which then are 
spoken to the recognizer and entered in a 
computer for report generation), The 
Threshold Technology machine uses an 
LSI-11 and their feature extractor consists 
of a bank of 16 filters. It costs about 
$10,000. Threshold Technology claims 99.6 
percent recognition rate and operation in 
noisy environments. 

A1 the time of this writing (April 1977) 
Heuristics Inc has announced an Altair 
(S-100) compatible recognizer. It sells for 
$249 in kit form and a detailed description 
of its hardware appears in the May 1977 
issue of Popular Electronics, |t is a simple 
device consisting of three bandpass filters 
and a zero crossing detector. The filters 
cover the range of 150 Hz to 5 kHz. Their 
output is peak detected and averaged and 
then quantized with six bits resolution. 
They claim 90 percent correct recognition 
in a quict environment with a cooperative 
speaker, 


Addresses of Commercial 
Speech Recognition System 
Manufacturers 


. Threshold Technology Inc 
1829 Underwood Bivd 
Delran NJ 08075 
. Heuristics Inc 
900 N San Antonio Rd (Suite C-1) 
Los Altos CA 94022 


. Dialog Systems Inc 
639 Massachusetts Av 
Cambridge MA 02139 


. Scope Electronics Inc 
Heston VA 22070 


. Perception Technalogy Inc 
Winchester MA 01890 


As a final remark, a note on recognizer 
performance is in order. [t was mentioned 
before that quoted performance figures are 
usually the best obtained with a given sys- 
tem under ideal conditions. This optimistic 
approach reflects more than anything the 
difficulty of making a very good recognizer. 
People choose to present the best results 
because the bad results may look terrible 
and the average unimpressive. While recog- 
nition scores can be taken with a grain of 
salt, it would be a mistake to view speech 
recognizers in the same light. The correct 
approach is to see them as a challenge to 
find applications in which they are useful 
despite their present shortcomings. You 
certainly would not want to control your 
car with a recognizer that has a 90 percent 
recognition score. Yet | have seen a recog 
nizer with an average 80 percent score do 
a very good job in controlling the electric 
wheelchair of a paralyzed patient. Think 
how important this is if you can only move 
your head and speak and the rest of the 
body is paralyzed totally. 

| am sure that a great number of appli- 
cations can be found for existing systems 
that | just haven't thought of yet, or that 
| would never imagine. Given the thousands 
of computer enthusiasts and their different 
backgrounds and the computer power they 
command, | wonder if there will be any 
stones left unturned in the applications area 
now that we can talk to our own speech 
recognizers.B 
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Available for immediate delivery from Contemporary Marketing 
The Original, “Industry Awakening Advance in Personal Computers” 
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The Commodore PET -- Its technology is so advanced; its concept, so 
remarkable; its ease of operation, so utterly simple, and its cost so incredibly low, that over- 
night it has given rise to a brand new era -- The Age of the Personal Computer. 


THE PET has become the standard for the 
emerging personal computer industry. 
Computer magazines, trade journals, con- 
sumer and business publications have 
lauded its discovery. POPULAR SCIENCE 
put THE PET on its October, 1977 cover, in 
full color, and devoted a feature news story 
to the coming revolution in personal and 
office computing. PLAYBOY, February, 
1978, gave full color coverage to the mind- 
boggling” PET. 


IN A LEAGUE WITH IBM, HP 

AND WANG MINICOMPUTERS 

THE PET should not be confused with game 
products that hook up to household T.V.'s. It 
is a minicomputer. What sets THE PET light 
years apart from other computers is its 
price. While the others cost from $11,000 to 
$20,000 and more, THE PET, with similar 
capabilities and power, costs only $795.00. 
One extremely important capability shared 
with HP's minicomputer, and full size com- 
puters, is its IEEE-488 Bus. This standard 
data/control channel means your PET can 
be directly connected to a variety of 
peripherals and laboratory measuring 
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equipment. Over 120 pieces of compatible 
equipment such as counters, timers, spec- 
trum analyzers, digital voltmeters and 
printer plotters from manufacturers such 
as HP, Phillips, Fluke, and Textronix are 
currently available. 


ROM Magazine, January 1978, writes, 
"THE PET comes out of the box, plugs 
into the wall, and is ready to use." It is 
equipped with a CRT video display with 
reverse and blink features, an alpha- 
numeric keyboard with complete graphics 
and a built-in standard cassette tape deck. 


THE PET is an exceptionally powerful think 
tank with 8K bytes of RAM (User Memory). 
Optional equipment, permits expansion to 
32K. The system contains 14K bytes of 
ROM (Program Memory). 


THE PET COMMUNICATES IN THE 
EASIEST COMPUTER LANGUAGE 
Computers talk in many languages. The 
easiest is BASIC or English-like words. If 
THE PET wants you to press a key, it will 
flash, "Press such and such", right on the 
display. You speak back to THE PET 
through its full size 73-key keyboard. 


EXTENSIVE CHARACTER 

ORIENTED GRAPHICS 

The unit features a 9-inch, high resolution, 
1000 character CRT.-Characters are ar- 
ranged 40 columns by 25 lines on an 8x 8 
matrix for superb graphics. 

WHAT IS THE PET REALLY FOR? 

It is the single most important teaching 
device for any computer related subject. It 
can help a youngster learn number facts, or 
help a med student do tissue analyses. It 
will entertain the most sophisticated data 
application, or the simplest inquiry- 
response assignment. 

IN THE LAB it handles instrumentation, 
process monitoring, computer aided in- 
structions, and more. A number of Fortune 
500 companies have already made PETS an 
integral part of their lab and general 
office system. 


As a BUSINESS TOOL it will; Maintain 
ledgers. Illustrate cash flow charts. Keep 
payroll records. Create P & L's. Control in- 
ventory. Store and analyze sales data. Draw 
bar graphs. issue invoices. Do statistical 
work. Hook up to on-line computer system. 


THE PET is the only totally integrated, 
self-contained, personal computing system. 

It measures a compact 1672" wide; 18!" deep; 
14" high, and weighs just 44 pounds. 


Bar Graphs 


As an AT-HOME TOOL it will; Compute 
state and federal tax returns. Make heat 
and insulation analyses. Keep Christmas 
lists. Keep checkbook and finances up to 
date. Programs are even being developed 
to store recipes and to compute larger or 
smaller portion requirements. 


WHO IS THE PET FOR? 


Engineers, scientists, doctors, educators, 
students of computer science, attorneys, 
stock brokers, realtors, insurance people, 
list brokers, home economists, churches, 
grocery store owners, automobile dealers, 
sales people, organizations. 

JUST FOR FUN 

There is hardly a game, from Blackjack to 
Master Chess, that cannot be programmed 
into the unit. À variety of game programs is 
currently available. 

ANNOUNCING THE PET PRINTER 

This powerful word processing accessory 
lets you print hardcopies, invoices, and com- 
puter correspondence. Faster than an IBM 
Selectric, THE PET Printer delivers 60 
characters per second at a sustained rate -- 
or 3,600 characters every minute -- with 
upper and lower case capability. Characters 
are ljg” tall and printed in a 7 x 8 dot 
matrix. The printer uses a standard 8'2" 
wide paper roll. And, most unbelievable -- it 
is only $599.95. . 
PERIPHERAL SECOND CASSETTE 

This optional component expands storage 
and increases flexibility. Only $99.95. 


Amortization Chart 


Blackjack 


MILES OF SOFTWARE 

Listed below is a sampling of currently 
available PET programs. "BASIC BASIC" 
shows you how lo write a program for the 
unit. You can actually develop your own 
programs to meet personal requirements. 


GAME PROGRAMS ARE $9.95 EACH: 
' Black Jack | Draw Poker |. Galaxy Games 
1 Space Flight Target Bong. Ofl-The-Watl 
Lunar Lander, Wumpus, Rotate, Tic-Tac-Toe 
.. Osero, Reverse ' Spacetrek — . Kingdom 
PROGRAMS AT $14.95 EACH: 
| Mortgage Analysis; ! Diet Planner and Biorhythm 
Basic Basic-by Lodewyck and James 
PROGRAMS AT $24 95 EACH 
, . Basic Investment Anafysisdoans, annuities, relurn on 
regular and irregular sequences ol payments, calendar 
calculations Stock Porticlio Recordkeeping and 
Analysis-keeps track ol buys. sells, and dividends. 
Calculates current value, rates of return Checkbook 
Recordkeeping and Analysis-keeps track o! checks and 
deposits. Analyzes expenses by dale ind lype 


PROGRAMS AT $29.95 EACH: 

Basic Math Package-malrix addifier, mu!” zation, 
determinants and inverses lo 16 x 16. solulipn of 
simultaneous linear equations, vector and plane geometry 
calculations, inlegrahon by trapezoidal. Simpsons rule or 
Gaussian quadrature, dillerentiatian 

Basic Statistics Package-mean, median, variance 
standard deviation. skewness, kurtosis, lrequency distri 
bution, linear regression, T-tests, correlation analyses 


FREE ORIENTATION PACKAGE 

Your PET comes complete with two pro- 
grams and an easy-to-follow instruction 
manual. By working through the routines 
you will quickly discover how easy it is to 
gain command of your personal computer. 


TECHNICAL SPECIFICATIONS 


MEMORY 

Random Access Memory (user memory); 8K internat, 
expandable to 32K bytes 

Read Only Memary (operating system resident in the 
computer), 14K bytes 
8K.BASIC interpreter program 
4K-Operating system 
1K-Diagnostic routine 
1K-Machine language monitor 

VIDEO DISPLAY UNIT 

S" enclosed, black & white, high resolution CRT 

1000 character display, arranged 40 columns by 25 lines 

& x 8 dot matrix for characters and continuous graphics 

Automatic scrolling trom bottom of screen 

Winking cursor wilh full motion control 

Reverse lieid on all characters (white on black 
black on white) 

64 standard ASCII characters; 64 graphic characters 

KEYBOARD 

944" wide x 3” deep; 73 keys 

All 64 ASCII characters available without shift. 
Calculator style numeric key pad 

All 64 graphic and reverse field characters accessible 
fram keyboard (with shift) 

Screen Control: Clear and erase 

Editing: Character insertion and defetion 

CASSETTE STORAGE 

Fast Commodore designed redundant recording scheme, 
assuring reliable data recovery 
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Cassette drive moditied by Commodore lar much higher 
reliability of recording and record retention 

High noise immunity, error detection, and correction 

Uses standard audio casselte tapes 

Tape fites, named 

OPERATING SYSTEM 

Supports multipte languages (BASIC resident) 

Machine language accessibility 

File management in operating system 

Cursor control, reverse held, and graphics under 
simple BASIC control 

Cassette lile management Irom BASIC 

True random number generation or pseudo 
random sequence 

INPUT/OUTPUT 

All other O supported Ihrcugh IEEE-488 instrument 
interface for peripherals 

VO automatically managed by operating system software 

Single character O with GET command 

Easy screen line-edit capability 

Flexibie I/O structure for BASIC expansion 
with peripherals 

BASIC INTERPRETER 

8K BASIC; 20% faster than most cther 8K BASICS 

Upward expansion from BASIC language 

Strings, integers, multiple dimension arrays 

10 significant digits; floating paint 

and POKE commands 


Direct memory access: PE 


Teaching Trigonometry 


SERVICE WORLDWIDE 

THE PET is made in the United States by 
Commodore International, a worldwide, 
vertically-integrated manufacturer of elec- 
tronic products for home and industry. 
Because your PET is self-contained and 
compact, professional factory service is 
never far away. If ever major service is re- 
quired, the unit can simply be returned by 
UPS to an authorized factory PET clinic. 


You can order your PET by sending a check 
or money order for $795.00 plus $20.00 for 
shipping and insurance. To order the PET 
Printer, add $599.95 plus $12.00 for 
shipping and insurance. The Second 
Cassette is $99.95. No shipping and in- 
surance charges are required when order- 
ing a second cassette or programs with your 
PET. Credit card orders are invited to call 
our toll free number below. Orders will be 
accepted on our TELEX, No. 25-5268. 


CONTEMPORARY MARKETING 


Contemporary Marketing is a major source 
for advanced electronic products. Our com- 
mittment to this exciting industry is the 
reason why Contemporary was selected to 
bring THE PET to you. In comparison with 
other full-fledged computers, it is an in- 
credible value. Nevertheless, we recognize 
that it is a substantial investment for any 
company or individual. Please be assured 
that we are pledged to protect your invest- 
ment. As a Contemporary PET owner, we 
will see to it that you are kept abreast of all 
new peripherals and software, as they are 
developed. We want you to use THE PET 
with complete contidence. If, for any 
reason, you are not satisfied with your PET, 
simply return it within 30 days for a prompt 
and courteous refund. 


THE PET is perhaps the most exciting 
discovery in many years, and demand is 
enthusiastic. If our lines are busy, please 
call again. 


ORDER DIRECT 
CREDIT CARD ORDERS CALL TOLL FREE 


800-323-2272 


ILLINOIS RESIDENTS CALL: 312-595-0461 
TELEX ORDERS: 25-5268 


Order your PET, Printer Accessory, 
Second Cassette and Programs from 
Contemporary Marketing at: 
790 MAPLE LANE DEPT. BT6 

BENSENVILLE, MINOIS 60106 


© CMI 1972184 


Contemporar 


Marketing Inc. 
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EY TEs Bugs 


Caught Microprocessor Programming 


John W Langner, 411 Monterey Blvd, 
Apt B, Hermosa Beach CA 90254, sent 
us a letter pointing out a relatively gross 
terminological faux pas which we 
allowed to stand in an article entitled 
"Take a Course in Microprogramming” 
by Richard Mac Millan on page 168 of 
the March 1978 BYTE. The termino- 
logical ambiguity of the "micro" in the 
common name for large scale integration 
computer processors comes from the 


fact that the term "microprogramming" 
is not the same as “programming a 
computer implemented with a micro- 
processor." The article should have 
been edited so that the term "'micro- 
programming’ never appeared in the 
course of its text; the title might better 
have been changed to “Take a Course 
in Microprocessor Programming.''B 


Bug Bug 


In the March 1978 BYTE's Bugs 
(page 46) we reported on some bugs in 
figure 1a of David Allen's "A Floppy 
Disk interface," January 1978 BYTE, 
page 61. One more item should be added 
to the list: disconnect the line presently 
going to pin 9 of IC3c (the NAND gate 


its place run a line from pin 9 of IC3c 
to pin 4 of IC12b (the latter pin is also 
connected to pin 5 of IC3b). This change 
is necessary so that IC4 will be addressed 
when the QC and QD outputs of [C5 are 
at low and high levels, respectively. We 
thank Howard Oels of Phoenix AZ 
for discovering this bug in the bug.B 


Moving Violation 


The 6800 program relocator pre- 
sented on page 197 of the November 
1977 BYTE should more properly be 
called a move routine for use with self- 
relocatable code only, since it obviously 
will not fix the internal references of 
three byte jump instructions, Our thanks 
to Ed Smith of Ed Smith's Software 
Works for this information.@ 


which feeds into the CE line of IC4). In 


Your MicroComputer 

can be a Money-Making 
Machine with SOFTWARE 
from SYNCHRO-SOUND 


Here are two Software packages that enable you to profitably make 
full use of the potential in your small computer system: Synchro 
Sound's interactive business systems designed for use on an 8080- 
or Z80-based microcomputer with floppy disks and a hard-copy 
printer, Written in Microsoft Basic (known as Altair Basic*), the soft- 
ware supports file maintenance, query and reporting functions. This 
support includes creation, modification and deletion of customer 


records and processing of transactions to be posted against the 
files. 


ACCOUNTS RECEIVABLE PACKAGE 
The A/R module creates a history file of charges, credit and pay- 
ment records for audit purposes. Payments can be applied to a 
particular invoice, or to the oldest open items. Batch Mode for 
monthly statements, aged receivables schedule, and delin- 
quency notice as well as on-line inquiry mode for specific infar- 
mation are both fully implemented. 

$500.00 


Operators Manual & Disk—Single Copy 


INVENTORY PACKAGE 


The inventory system maintains a current listing of stock items 
featuring on-line transaction processing. Reporting functions 
include a master inventory listing with price and cost data, 
reorder alerts, vendor specification, and summary valuations. 
Year-to-date usage records are kept for each inventory item to 


facilitate sales analysis. 
$500.00 


Operators Manual & Disk—Single Copy 


Operators Manual only— $35.00 refundable upon purchase of Software Package. 


WRITE OR CALL 
FOR FURTHER 
INFORMATION 


Full Software-Hardware 
Systems are now 
available and additional 
Software Packages will 
be available in the 
near future 


* Altair is a trademark ot MITS, Inc. 
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Microsoft Disk Basic—Single Copy $350.00 


SYNCHRO-SOUND Enterprises, Inc. 


193-25 Jamaica Avenue 
Jamaica, New York 11423 


212/468-7067 TWX 710-582-5886 


Hours 9-4 Daily 


Working Systems 
and Saturday 


on display 
BankAmericard/Master Charge 
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SYNCHRO SOUND 


ENTERPRISES, INC. 


Everything you need in small computer systems! 
LEAR SIEGLER ADM 3A TERMINAL NEW! CENTRONICS 779 PRINTER 


| Kit thet — $1099.00 


EN 703 
ADM 1A TERMINAL FSN OA SERIAL PRINTER 
Assembled — 
$2805.00 


761 PRINTER 


l —_— 
KSR with Keyboard $1 895 .00 
OKIDATA MODEL 110 LINE PRINTER 


Friction Feed 


$1199.00 


ADM 2 TERMINAL 
Assembled $1995.00 


N $1529.00 


HAZELTINE 1500 
VIDEO TERMINAL 


Assembied $1 149.00 


Kit also available 


Tractor Feed 


MODULAR 1 $1 349.00 
INTELLIGENT | 

TERMINAL RS 232C Serial Interface 
Assembled $1659.00 $260.00 


MODEL 22 LINE PRINTER 


$2449.00 


Tractor Feed 


With 22 slot 


TELETYPE MODEL 
43 PRINTER 


$1299.00 


SPECIAL BUYS 


IMSAI Double Density Persci Drive. ........ $2295.00 
Sorac IQ 120 Video Terminal.............. 959.00 


een ‘ "" IMSAI PC S-80/15 8085 
Compucolor 8001 Color Computer......... d COMPUTER 


ICOM Microfloppy System............... 989.00 

North Star Microfloppy Disk Kit........... 599.00 Kit 

Cromemco Z-2 Kit... 2... ence cece eee ees 585.25 

Javelin 9" Video Monitor...............4. 159.95 $749 : 00 
Micropolis Model 1053MOD 2............. 1799.00 

IMSAI AP44-44 Col. Printer Kit............. 329.00 Assembled 

TDL Xitan Alpha 1 Computer Kit........... 699.00 

ICOM Model FD 3712............ eene $929.00 


We carry a full line of the following: TDL, 

Centronics, Seals, Hazeltine, Micropolis, SYNCHRC Fania D Enterprises, INC 
Hayden, IMSAI, Cromemco, p p 

Compucolor, Icom, Lear Siegler, Okidata, 193-25 Jamaica Avenue, 

DEC, Javelin, North Star, Peripheral Vision. Jamaica, New York 11423 

Same day delivery and shipping on most 212/468-7067 TWX: 710-582-5886 

items. Full modern repair facilities on Hours 9-4 daily Visit our new showroom 
premises for complete servicing of and Saturday Workingunits on display 


everything we sell. Depi. BBB BankAmericard * Master Charge 
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Periodical Guide for Computerists, January-December 1977, 
bv E. Berg Publications. This is a comprehensive index of all the ar- 
ticles, book reviews, editorials, letters, record reviews, and miscella- 
neous small inserts and notes from the top 25 magazines in the field. 
Several thousand articles are grouped into over 60 subject categories 
that are listed alphabetically for easy reference. At the back is an au- 
thar index, including the major areas of their expertise. An indispen- 
sable guide for anyone in the fields of personal computing, amateur 
radio, and electronics. 72 pp. $5.00. 


Robots on Your Doorstep by Nels Winkless and tben 
Browning. “This book will amaze you, frighten you, nauseate you, 
excite you...it will probably make you think about things you have 
never contemplated before," states the introduction to this clever 
and well-written account of robots: past, present, and future. Intelli- 
gence, artificial intelligence, brain structure and simulation, and 
characteristics of robots are only a few of the areas explored. One 
chapter is devoted to the personal computer revolution and how it 
has brought robots into the amateur's workshop. 179 pp. $6.95. 


Programming in PASCAL by Peter Grogono. This book is an 
excelent introduction to one of the fastest qrowing programming 
languages today. The text is arranged as a tutorial containing both 
examples and exercises to increase reader proficiency in PASCAL. 
Besides sections on procedures and files, there is a chapter on dy- 
namic data structures such as trees and linked lists. These concepts 
are put to use in an example hus service simulation. Other examples 
range from the Tower of Hanoi problem to circurnscribing a circle 
about a triangle. Programming in PASCAL is sure to hold the read- 
er's interest. 359 ap. $9.95. 


Z80 Programming for Logic Design by Adam Osborne, Jerry 
Kane, Russell Rector, and Susanna Jacobson. Here's the book we've 
al been waiting for! It's third in the series of Osborne's prograrn- 
ming for lagic design books (the 8080 and 6800 books). Written for 
both programmers and togic designers, it explains how an assembly 
language program can replace nan-programmable Logic devices -with 
direct reference to the Z80 microcomputer. 352 pp. $7.50. 

There will! be a ane dollar price increase on July 1, 1978, so 
order now and save! 


8080A/B085 Assembly Language Programming by Lance A. 
Leventhal. This book provides an introduction to assembly language 
pragramming for the 8080A and the 8085 processors. Included are 
sections on the instruction sets for the two processors, assemblers, 
simple program examples, code conversion, tables and lists, subrou- 
tines, IO, interrupts, program design, and debugging. Many examples 
and illustrations are included to cover critical points. 467 pp. $7.50. 

There will be a one dollar price increase on July 1, 1978, so 
order now and save! 


— How to Profit from your Personal Computer by Ted G. Lewis. 
Hf you have wanted to use your personal computer in a profitable 
manner, and you feel you need some help planning programming 
techniques for common business applications, this book is for you. 
Enjoyable and readable, it contains suggestions for accounting, pay- 
roll handling, inventory management, and sorting mailing lists. Many 
terms and notations are explained. Sample programs in BASIC, the 
use of blueprints to design program structure, and a full glossary of 
terms are a few of this book's special features. 191 pp. $7.95. 


— — Microcomputer Primer by Mitchell Waite and Michael Pardee. 
Here's a microprocessor tutorial for readers having some electronics 
background. Microcomputer Primer concentrates on the hardware 
of microcomputers (although there are sections dealing with soft- 
ware) with chapters on basic computer concepts, hardware. pro- 
gramming, memories, and number systems. A full complement of 
photos and schematics accompanies the text. 224 pp. $7.95. 


Programming a Microcomputer: 6502. This informal, well-writ- 
ten book may be just what you need to enter the world of micro- 
computers. Caxton C. Foster uses the 6502 as a basis for discussing 
the techniques of writing programs. The chapters include simple, 
practical example programs for creating a Morse Code oscillator, 
combination lock, tune player, digital clock, and mare. The empha- 
sis is on clarity, and the many illustrations and flowcharts help get 
the author's points across. 231 pp. $9.95. 


Programmable Calculators by Charles J. Sippl and Roger J. 
Sippl. This large (526 pages) book is an exhaustive survey of the 
programmable calculator field covering its history and present 
status. Chapters deal with the basic calculator, advanced hand. 
held products, RPN (Reverse Polish Notation) versus algebraic 
notation, desktop calculators, and programming the program- 
mable calculator. Examples and illustrations abound in this use- 
ful reference work. $14.95. 


Here are two big packages of fascinating information and practi- 
cal guidelines from the symposiums held at the 1977 and 1978 West 
Coast Computer Faires. 

— The First West Coast Computer Faire Conference Proceedings, 
edited by Jim C. Warren, Jr., contains 336 pages covering such top. 
ics as: tutorials for the computer novice, human aspects of system 
design, robots (including the text af a talk by science fiction writer 
Fred Pohl), computers for the physically disabled, education, elec- 
tronic mail, music with computers, hardware, software—the list goes 
on. $12.00. 

— The Second West Coast Computer Faire Conference Proceedings. 
edited by Jim C. Warren, Jr., is 505 pages and covers many of the 
above topics plus others such as: computers for the visually handi- 
capped, exotic computer games, high level design for microproces- 
sors, computer articles for business and crafts, homebrewed equip- 
ment, and speech input and output. You can't miss for only $13.00. 


Up your Own Organization! by Donald M. Dible. A great hand- 
book on how to start and finance a new business, this is the most 
comprehensive reference we've seen on the subject. For the pro- 
grammer-consultant or the basement homebrewer-turned-entrepre- 
neur, this is your book, It is recommended in the Bank of America 
Small Business Reporter and Changing Times magazines. 372 pp. 
Available for $14.95 in hardcover. 


Fundamentals of Recordkeeping and Finance for tha Small 
Business by Robert C. Ragan, CPA, and Jack Zwick, Ph.D. Once 
you have your organization or business up and running, records 
must be kept. What should | keep, and how do I record them? This 
book on fundamentals will give you a helpful start. Section One 
deals with maintaining records, protecting assets, and providing a ba- 
sis for planning. Section Two provides a starting point for owner- 
managers who want to sharpen their financial management skills. 
196 pp. Only $10.00 in hardcover. 


Dealer orders on quantity purchases invited. 


BITS The Microcomputer Bookstore 


BYTE june 1978 
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Continued from paga 11 


Shore) who decided to feed the output 
from his orbital motion program into 
our music system (instead of data that 
represented conventional music). The 
results were very intriguing, and quite 
modernly musical. They helped us alf 
see the power of allowing human imagi- 
natian to work with objects that repre- 
sent a new kind of clay or paint—in 
this case algorithms for solving differ- 
ential equations! The designer of the 
music system (Jeff Lederer) had ob- 
viously developed a use of technology 
that was radically different from the 
fanciest of "record players." 

The same ideas apply to color gra- 
phics. Photo 1 shows a very simple 
example of using an algorithm as a crea- 
tive adjunct. The first slide shows a 
static. use of the medium. The artist 
simply used a light pen to "paint" a 
bouquet of flowers on the screen of à 
Compucolor 8051. Photo 2 shows what 
happens when the computer is no longer 
static. In this case it uses two algorithms: 
one to draw nothing more than the 
simple elegance of a sine curve, the other 
to join the artist's light pen input to the 
computer's sine curve with vectors. Our 


feeling is that the second mode is great 
for people (including very young kids) 
wha haven't yet developed the tech- 
niques needed for painting a bouquet of 
flowers or composing a two-dimensional 
space abstractly (which is what the sine 
function does in this context). From the 
point of view of technical competence, 
the first mode (static computer) is the 
more advanced one. The function of 
the second mode is to get the user 
thinking creatively so that he or she can 
eventually go beyond what the machine 
helped start. 

Translating this idea into a general 
philosophy of "Why personal com- 
puting?" gives the unexpected but 
heartening answer: "To help people do 
things computers can never do." 


Tom Dwyer 

Margot Critchfield 
325 N Craig St 
Pittsburgh PA 15213 


Tom Dwyer and Margot Critchfield's 
articie, "Color Graphics on the Compu- 
color 805/," appeared on page 32 of 
BYTE May 1978. 


p LIT tT Ts eT a a | 
Announcing... 


SMALL BUSINESS COMPUTERS Magazine 


The magazine for users and potential users of 
small business computer products and services 


* The monthly magazine for businessmen in the process of purchasing or installing their first com 
puters 


* The practical how to publication written in non technical language and stressing business applica- 
tions for small computer systems Each monthly issue includes: 


FEATURE SURVEY REPORTS: Such as, Software Packages for Small Business Applications. 
Small Manufacturing Systems, Inventory Control Systems, Microcompurer Business Apphac tons, 
and so on 


APPLICATION STORIES: Real-hte examples of computer applications in the small business en- 
vironment — capabilities, benefits, what to watch lor, and much more of direct interest to the small 
businessman 


COMPUTER PROFILES » IDEAS AND INNOVATIONS » INFORMATIVE ADS 


SPECIAL CHARTER SUBSCRIPTION 
12 issues @ 50% off 


Receive the next 12 issues ol Small Business 
Computer Magazine for jus! $9 Sir off ihe 
cover price 


Mail the coupon today to. SMALL BUSINESS COMPUTERS Magazine 
33 Watchung Plaza a Montclair. NJ 07042 


L [LI Ff fF OBL T P JI I DI LI D Ff Jg L1 ft PUO I | 
SMALL BUSINESS COMPUTERS Magazine « 33 Watchung Plaza * Montclair, NJ 072042 


© YES Enter my charter subscription al the |. price cost of $9 for 12 monthly issues 
QO Check enclosed O Bill me. 


Narne 


Organizahon 
Address 
City/State o ip 
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TEXT EDITING DREAMS AND 
REALITIES WITH AN AM-100 


This is in response to your March 
1978 editorial. A friend of mine asked 
me two years ago to create a keyboard 
especially for him. He was at that time 
employed as a phototypesetter for the 
Los Angeles Free Press. As a result | 
got heavily involved in the discrepancies 
between the needs of a tvpesetter and 
the available [Singer-F riden-Burroughs- 
[BM-396& t*($+&!&%] word processors! 
Therefore, your editorial on the desire 
for a truly sophisticated editor stirred 
some painful memories of TTS book 
codes, incompatible character sets and 
paper tape format, TTL logic, etc. 
The project never did "fly" right. 

However, since that time ['ve come 
across (and purchased) a system that 
| am surprised you haven't given heavier 
mention of in your magazine. | am 
referring to the Alpha Microsystems 
AM-100. Let me explain why I feel it 
could result in the editor you are 
searching for. 

The AM-100 processor is a two board 
realization. designed to interface with a 
parallel operating 8080/Z-80 CPU on the 
Altair (S-100) bus. It uses the Western 
Digital WD-16 chip set, which is an 
extended version of the DEC LSI-11, 
but using special microcoding to create 
a more powerful instruction set. Using 
this, Mr Wilcox has made an operating 
system similar to UNIX, with some 
features of DECsystem 10. Included 
in the software bundled with the pro- 
cessor is the operating system {it sup- 
ports eight users with full timesharing 
protocols), a powerful macro assembler, 
BASIC, LISP, and a system EDIT.PRG, 
all disk oriented. For a preliminary 
feel for what this means, read Dr Dobb's 
Journal, volume 2, number 1, page 3. 
The AM-100 system manuals comprise, 
at present, over 250 pages of closely 
packed information. 


IMPROVING RELATIVE 
ADDRESSING FOR THE 8080 


Robert Williams 

President, Cheesy Operations 
Micromouse Enterprises 
POB 69 

Hollywood CA 90028 


| read with great pleasure Mr 
Gaskell's article on "Relative Addressing 
for the 8080" in the December 1977 
BYTE. The approach to implementing 
the relative jumps was superb. 

However, having been working with 
microcomputer applications for several 
years, | have learned that any program 
can be made shorter and faster with 
a little effort! Moreover, optimization 
in the case of the relative addressing 
routine is even more critical than usual 
since the code will be executed with 


incredible frequency if most of the 
jumps in a main program are relativized. 
The key to optimization is selecting 
a value for BIAS such that (BIAS*4) is 
a multiple of 256. The program section 
in both its original and optimized form 
is shown below. The optimized version 
saves two microseconds (at 2 MHz). 


Gaskell's version 


LXI D,-(BIAS*4) 
DAD D 


Lewis' version 


MVI A, - (BIAS*4)/256 
ADDH 
MOV H,A 


| would like to say that no further 
optimization is possible but the rule 
says, "any program can be made shorter 
and faster." Suppose we select BIAS = 
FEFC! Then -(BIAS*4) becomes 100 
hexadecimal and the code becomes: 


Lewis' version 2 
INR H 


This final version saves 7.5 microseconds 
over the original version! The routine is 
now completely optimal! 


Jim Lewis 

Micro Logic Corp 

100 Second St #213 
Hackensack NJ 07601 


ODE TO THE ROM 


An age of human error 

is coming to an end. 

And the monolithic ROM 
accelerates the trend. 


ROM makes decisions certain 
(once programmed properly). 
It's the ideal electronics 

to relieve anxiety. 


You forget and | forget 

what to do and when. 

And pushing one wrong button 
may precipitate our end. 


But put a faithful ROM in charge 
and leave your cares behind. 

The electronic ROM keeps watch 
with all attentive mind. 


Computers whirl and engines hum 
‘neath ROM’s intent control. 

It does what it's supposed to do. 
(it has no other goal.) 


Let's hear a cheer from ROM, my friends, 
and celebrate its ends. 

A servant so impeccable 

is rare as teeth in hens. 


Bob Schweitzer 
1301 Palm Av 
Richmond CA 94805 


A BIT SIMPLER? 


While | liked Frank Holman's idea in 
the March 1978 BYTE (page 185) of 
forcing the address bits high so that the 
8080 resets to a location in high 
memory, the method could have been 


implemented in a slightly simpler 
fashion. The diagram below uses two 
fewer ICs. 

Thus the 7404 and 7474 are eli- 
minated. Also, the inverter in the 
original circuit could have been replaced 
by one of the EX-ORs in the 7486. 


Circle 131 on inquiry card. 


25V Steve Bresson 
1666 Independence Ct 
Severn MD 21144m 


S-100 BUS COMPATIBLE. The EMM 1104 single card plug-in memory has 
been field tested and proven in a variety of systems including the Poly 88, 
IMSAI, MITS, COMPAL-80, TLD and CREMENCO. 16K BYTES ON A CARD. 
Convenient plug-in card, fully burned-in, tested and guaranteed by one of 
the industry's largest memory suppliers. NMOS STATIC RAM. The 4K 
static RAMs have been proven in applications ranging from single chip 
memories ta IBM 370 add-on systems. They are fast, 

reliable, and no refresh cycle is required. 

See your dealer, or conlact us for complete information. emm 


S-100 Bus Compatible Memory 
16K bytes on a card 


NMOS static RAM 


"T 


-— 


Commercial Memory Products, a Division of Electronic Memories & Magnetics Corp. 
12621 Chadron Avenue * Hawthorne, California 90250 * Telephone (213) 644-8881 
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DATALYZER...a 24 channel 
Logic Analyzer for your S100 Bus 


24 Channel LOGIC ANALYZER, complete with 2 cards and 3 sets of probes. 


Features 


— 24 channels with 256 samples each. 
— Display of disassembled program flow. 


— Dual mode operation — external mode analyses any external logic 
system. Internal mode monitors users data and address bus. 


Selectable trigger point anywhere in the 256 samples. 

0-16 bit trigger word format or external qualifier. 

8MHz sample rate 

Synchronous clock sample with coincident or delayed clock mode. 
User defined reference memory. 

Displays and system control through keyboard entry. 

TTL Logic level compatible (15 pf and 15 wa typical input loading.) 


il 
i 
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i 
i 
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Displays in Binary Displays in Hex Display of disassembled 
program flow. 

The DATALYZER 

Designed to plug easily into your S-100 Bus, the DATALYZER is a 
complete system —— for only $595 Display of disassembled program 
flow is a standard feature, not an extra. And the low price includes 30 
logic probes, so you can hook up immediately, without additional 
expense. 


The DATALYZER is available in kit form ($595), and as a fully 
assembled device on two PCB's ($695). Operators' manual $7.50. A 
substantial warranty, and the Databyte, Inc. commitment to service 
make the DATALYZER a worthwhile investment. 


7433 Hubbard Avenue 
Middleton, Wisconsin 53562 


Data byte, Inc. Tel: (608) 831-7666 
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ACM Seeks Nominations far Annual 
Grace Murray Hopper Award 


The Association for Computing Ma- 
chinery is seeking nominations for its 
Grace Murray Hopper Award, given each 
year to the outstanding young computer 
professional selected on the basis of a 
single recent major technical or service 
contribution to the computer industry. 
In order to qualify, candidates must have 
been 30 years of age or less at the time 
the qualifying contribution was made. 

The award will be presented at the 
opening session of the association's An- 
nual Conference on December 4 1978, 
in Washington DC. The award is in the 
amount of $1000, donated by the 
Univac Division of Sperry Rand, and is 
accompanied by a certificate. 

While the award is given to the out- 
standing young "computer"  profes- 
sional, emphasis for the 1978 award will 
be placed on contributions in the fields 
of business data processing and personal 
computihg. The committee felt "that 
these fields have not been adequately re- 
warded lor outstanding contributions in 
the past. 

The last three winners of the Grace 
Murray Hopper Award were: Edward A 
Shortliffe, for his development of a pro- 
gram that consults with physicians about 
diagnosis and treatment of infectlon; 
Allen L Scherr, for his pioneering study 
in quantitative computer performance 
analysis; and George N Baird for the de- 
velopment and implementation of the 
U S Navy's COBOL compiler evaluation 
System. 

Nominations, which may be made by 
the nominees themselves, should be sent 
to: 


Richard G Canning 

Chairman, ACM Grace Murray 
Hopper Award Committee 

925 Anza Ay 

Vista CA 92083 


In order to be considered for the 
1978 award, nominations should be re- 
ceived by Mr Canning no later than 
June 30 1978. 

Please include the following in- 
formation. 


1. Mame, address and phone number 
of the person making the nomi- 
nation. 

2. Name, address and phone number 
of the nominee. 

3. A statement (200 to 500 words} 
on why the candidate deserves 
the award, describing the con- 
tribution. 

4, The date of birth of the nominee 
and the date on which the quali- 
fying work was completed.m 


Carnegie-Mellon Sponsors a Workshop 


Carnegie-Mellon University will spon- 
sor an intensive five day microcomputer 
workshop June 5 thru 9 1978 on the 
CMU campus. The program will include 
hands on experience for those who have 
a serious interest in applying micropro- 
cessor systems to a practical problem. It 
is intended to provide a foundation of 
theoretical knowledge and practical 
experience about the capabilities and 
limitations of microcomputers and what 
it takes to apply them on the job. 

The concepts and techniques intro- 
duced in class are implemented by more 
than 12 hours of hands on problem 
solving experience. The workshop for- 
mat emphasizes opportunities to review 
and discuss the sample problems and 
their alternative solutions with the 
faculty and other class members. 

For more information call Gerry 
Cohen at (412) 578-2207 or write Post 
College Professional Education, Carnegie 
institute of Technology, Carnegie-Mellon 
University, Schenley Park, Pittsburgh PA 
15213.m 


Harvard University Announces 
International Computer Graphics Week 


Harvard University has announced 
an Internationa! Computer Graphics 
Week July 23-28 1978, to be sponsored 
by the school's Laboratory for Com- 
puter Graphics and Spatial Analysis, 

The event will focus on the Labor- 
atory's international Users Conference 
on Computer Mapping Software and 
Data Bases: Application and Dissemi- 
nation. At the conference over 100 
speakers and numerous exhibits from the 
commercial, educational and govern- 
menta! sectors will show how computer 
mapping is being used in city and 
regional planning, social services, public 
safety, transportation and engineering, 
ecology and the environment, energy, 
public health, marketing, research and 
development, management information 
systems and university research and 
instruction. 

In addition there will be an in-depth 
review of currently available computer 
mapping software and data bases, as well 
as sessions on thematic map design 
principles and a hands-on workshop at 
the Harvard Laboratory. Among special 
features will be a session on software and 
data base distribution and marketing 
and an executive briefing seminar to 
discuss the relevance and projected 
impact of computer mapping in the 
commercial sector. For more infor- 
mation, contact lra Alterman at the 
Center for Management Kesearch, Exe- 
cutive Plaza, 850 Boylston St, Chestnut 
Hili MA 02167, (617) 738-5027.m 


Hobbiests! Engineers! Technicians! Students! 


Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits—the very first 
night—even if you've never used a computer before! 


ELF I... 


RCA COSMAC 


microprocessor/mini- 


ELF it 

by NETRONICS 
as featured In 
POPULAR ELECTRONICS 
shown with optional åh 
Memory Boards, GIANT 
BOARD", Kluge 


SPECIFICATIONS 


ELF II features and RCA COSMAC COS /MOS 8-bit 
mictoprocessur addressable to 65k bytes with DMA, 
interrupt, 16 registers, ALU, 256 byte RAM, full hex 
keyboard. two digit hex output display, 5 slot plug-in 
expansion bus (less connectors), stable crystal clack 
for timing purposes and a double-sided, 
plated-through PC board plus RCA 1861 video IC to 
display any segment of memory on a video monitor or 
TV screen 


EXPANSION OPTIONS 


* ELF I GIANT BOARD" wath casssctic 1/0, 
RS 232-C/TTY VO. 8-bu P VO, decoders for 14 
separate 1/O instructions. and a system 
monitoc/editor Tums ELF Il into the heart of a 
full-size system with massive computing power! 
$39 95 ku 
* 4k Static RAM. Addressable to any 4k page to 64k 
Uses low power 2102's Chip select circuit allows 
onginal 256 bytes to be used Fully buffered 
Onboard 5 volt regulator $89 95 kit 
* Prototype (Kluge) Board accepts up to 36 L.C s 
including 40, 24, 22, 18, 16, 14 pin. Space available 
for onboard regulator S17 00 
* Gold plated 86-pin connector. $5.70 
* ELF II Full ASCH Keyboard. Upper and lower 
case $64 95 kit 
* 5 amp Expansion Power Supply. Powers ihe 
entire ELF W (Not required unless adding 4k RAM 
boards 1 $34 95 kit 

AH of the above PC boards plug directly inte 
ELE Ils expansion bus 


ELF Il TINY BASIC 


Communicate with ELF H in BASIC! ELF tl Tiny 
BASIC is compatible with either ASCH key hoard and 
TV screen or standard teletype /video terminal 
utilizing RS 232.C or 20 mil TTY interface 
Commands include SAVE and LOAD for stonng 
programs on standard cassettes, a plot command to 
display graphic information and special commands 
fer controlling ELF 11 1/O devices 16-bit integer 
anihmetic, +, x, -. O. 26 variables A-Z Other 
commands include LET, IF THEN, INPUT, PRINT, 
GO TO, GO SUB. RETURN, END, REM, CLEAR, 
LIST. RUN, PLOT, PEEK, POKE Comes with 
Maintenance documentation and excellent user's 
manual that allows even beginners to use ELF 11 for 
sophisticated. applications. (4k. memory required ) 
$14 95 on cassette lape 

Coming Soon .. . P-A, A-D Converter * Controller 
Board * Cabinet * Light Pen (Lets you write of draw 
anvthing on a TV screen. Imagine having a "magic 
wand" that wntes like a crayon!) 


Circle 280 on inquiry card. 


computer 


Get “hands on" experience with a computer for jest 
95 $99.95. Then, once you've mastered computer 
fundamentais, expand ELF l with low cost add-ons and 
you've got an acvanced personal computer peweriul 


enough to solve business, industrial ar scientific 
problems. 


Learning Breakthrough! 
A Short Course On 
Microprocessor And 


Computer Programming 
Written for anyone! Minimal background needed! 


Using advanced computers i$ now as easy as driving a 
| car with an automatic transmission We will teach you. step 
by step, instruchon by instruction, how to use an RCA 

| COSMAC computer 


Not only does our short course explain, computers, il 

helps anyone write and run programs and solve complex 
| problems requiring a computer Knowing how a computer 

works can help you 

(1) Spat situations where a computer can assist you in 
business, industry personal applications, etc; (2) Select the 
most economical computer (or microprocessor) and related 
hardware lor your specific needs, (3) While and run the 
programs you need; and (4) Keep your computer costs down 

This course was written for ELF (( users but LET 
blockbuster for every RCA COSMAC user or owner! 


"" Stop reading about computers and gel your haads on one ELF tl is sa outstanding Irainer 


for anyone who needs to use à computer to maximize his or her personal effectiveness Sut ELF 1 
«sn't just a trainer Expanded, it becomes the heart of a powertul computer system 
For $99.95 ‘You Get All This— 

No other small personal computer offers video output and ELF II's expansion capatililies 
for anywhere near $99.95 ELF Il can creale graphics on your TV screen and play eleclionic 
games! It pays for itself over and over again in the fun it provides for your whole family 
Engineers and hobbiests can use ELF I| m micreprocessor-based citcurts as a counter, alarm, 
lack, thermostat. timer, leleghone dialer, ete The possibilities are endless! 

The ELF 1I Explodes Into A Giant! 

Once you've mastered computer fundamentals, ELF It can give you POWER! Plug in the 
GIANT BOARD™ and you can record and play back your programs. edit and debug programs, 
communicate with remote devices and make things happenin the real world Add Kluge Board Io 
solve specific problems such as operating a more complex alarm system or controlling a printing 
press 4k memory umts lel you write longer programs and solve even more sophisticated 
business, mdustnal, scientific and personal Imance problems 

Add ELF JI Tin BASIC And Keyboard! 

To make ELF It easier to use, we've developed ELF Il Tiny Basic. It lets you program ELF Il 
with sumpie words you can type oul on a keyboard such as PRINT, RUN and LOAD ELF Il responds 
by displaying answers on your printer, video monilor or TY screen 

Write And Run Programs The Vers First Night! 

The ELF tl hit includes all components and everything you need to wale and cun your own 
programs plus the new Pre Graphics chup that lets you display any 256 byte segment of memory 
on a video monitor oc TY screen No wonder ELF Ii s now being used as a trainer in many high 
schools and universities 

Easy instructions gel you started right away even id you've never used a computer betore 
The newty expanded ELF I] Manual covers assembly Iesiimg, programming, video graphics and 


5 
ELF I| can be assembfed in a single evening and you'll shll have hme 1o run programs 
including games, video graphics, etc before going to bed! 


-— m am = SEND TODAY! um um um um 
m x | 


ETRONICS R&D LTD., Cept. BY-6 (203) 354-9375 
333 Litchfield Road, New Milford, CT 06776 


O YES! ! want to run programs at home and have enclosed C1 $99.95 plus $3 
p&h for RCA COSMAC ELF |i kit C2$4.95 for power supply required for ELF Il kil 
C1 $5.00 tor RCA 1802 User's Manual 


C1$4 95 for Short Course on Microprocessor & Computer Programming 

O ELF Hl connects lo the video input of your TV set If you preter to connect ELF il ta your 
antenna lerminals instead, enclose $8.95 for RF Modulator Th 

1 $39 95 plus $2 p&h for ELF GIANT BOARD" kri 
— Ak Static RAM iul, $89 95 ea plus $3 p&h 

$i 00 plus $1 p&h for Prolotype (Kluge) Board 

(1334 95 plus $2 päh tor Expansion Power Supply kit 
— Gold plated 85-pin connectors al $5.70 ea 

L1 $64 95 plus $2 pt for ASCII Keyboard iul 

U1 $14 95 for ELF il Tiny BASIC cassette 

Cth want my ELF Il wired and tested with Ihe power transformer, RCA 1802 User's 
Manual and Short Course on Microprocessor & Computer Programming tor $149.95 
plus $3 p&h 

Total enclosed (Conn res add tax) $ D Check here ol you ave enclosing 

Money Order or Cashier's Check Io expedite shipment 


NAME — 
ADDRESS. 
city 
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NORTH STAR 
Z-80 BEST VALUE — SAVE 1596 


Complete Minifloppy Disk System w/BASIC 
and drive, Kit List $699 , SPECIAL $599 


Assembled List $799 .....,...... 689 
16K Dynamic RAM, Kit List $399.., 329 
Assembled List $459 , ........, . 379 
4 MHz Z-80 CPU Board, Kit List $199. 169% 
Assembled List $259... ... ... 209 


CPM Disk Operating Sys. Conversion Pkg. 
for North Star latest version] ..... 14 


TDL Package A Software for North Star on 
North Star Disk (specify if for TDL System 
‘Monitor Board usel.,..,.. .... .. 249 


HORIZONS 
— ALL MODELS — 
ABSOLUTELY BEST PRICES 
AND BEST DELIVERIES 


CALL FOR INFORMATION 
Horizon-1, Kit List $1599., 


Horizon-2 (with 2 drives) Kit List $1999 1699 
Assembled and tested List $2349 1939 


CROMEMCO 
TOP-SHELF Z-80 SYSTEM 
SAVE 1596 — and more! 


System 2 List $3990 ........... $ 3490.00 
System 3 List $5990 . ., ... 4999.95 
Z-2Krt List $8595,,,.. ...,..... 505.00 

Assembled List $895. ....... 845.00 
Z18KZ-K 16K RAM Board, Kit ONLY 399.00 

Assembled List $795 ........., 599.00 
CROMEMCO BOARDS.... .... LESS 1096 


INQUIRE ABOUT NEW CROMEMCO 
MULTI-USER BASIC SYSTEM! 


TDL - SAVEUP TO 5096 
EXTREMELY VERSATILE! 


System Monitor Board, less Zapple Monitor 
ROM and on-board RAM, 
Kit, formerly $295 .... , $147.50 
Assembled, formerly $395 .,... 197.50 
Board as supplied features power-on 
jump, parallel I/O port, two seria! I/O 
ports, plus cassette interface. 


Zapple Monitor ROM or 1k RAM for above 29.95 
Attan Alpha 1 List $993 SUPER BUY 789.00 
SUBSTANTIAL SAVINGS — ALL XITANS 


ALL TDL HARDWARE AND SOFTWARE 
AT LEAST 15% OFF! 


BARGAIN SYSTEM 
SAVE OVER $500 
Contact us for a system equal to a Xitan! 
For Handling, shipping, and insurance, add 


$10 per mainframe, $3 per disk drive, $2 
per board. 


— SEND FOR FREE CATALOG - 


MiniMicroMart, Inc. 
1618 James Street 
Syracuse, New York 13203 
Phone: (315) 422-4467 
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National Bureau of Standards Symposia: 
Microcomputers 


Current and future benefits of micro- 
computer technology will be weighed 
at the Symposium on Microcomputer 
Based Instrumentation, to be held at 
the National Bureau of Standards (NBS), 
Gaithersburg MD, on June 12 and 13 
1978. Sessions in four major areas, each 
highlighted by an overview presentation, 
will focus, respectively, on microcom- 
puter technology, applications to scienti- 
fic instrumentation, microcomputer 
interface standards, and applications to 
industrial process control. This sym- 
posium, cosponsored by NBS, the 
Institute of Electrical and Electronics 
Engineers (IEEE) Computer Society, 
and the IEEE Group on Instrumentation 
and Measurement, will mark the opening 
of a series on Challenges in Science and 
Technology. 

The symposia series, instituted by 
NBS Director Dr Ernest Ambler, is 
intended to encourage a cross-fertili- 
zation of ideas from many disciplines. 
Participating scientists of diverse back- 
grounds will jointly assess current trends 
and future needs. Each symposium will 
feature contributed or invited papers 
from within and outside the bureau. 

Major papers at the June 12 and 13 
symposium will include: 


9 Microcomputers for Biomedical 
and Clinical Applications 

© Microprocessor Based Satellite 
Controlled Clock 

© Fault Tolerance in Distributed 
Architectures 

© Microcomputers in the Linear 
World 

® Control of a 1 Gigahertz CCD 
Transient Digitizer 

9 Automating Analytical Instru- 
mentation 


For more information on sessions or 
schedules of the microcomputer sym- 
posium, contact Bradford M Smith, 
Room A130 Technology, National 
Bureau of Standards, Washington DC 
20234, (301) 921-2381. 

The second event in the series will be 
the Symposium on Atomic and Mole- 
cular Science and Technology, Septem- 
ber 7 and 8 1978. For details contact 
Dr Stephen J Smith, Joint Institute 
for Laboratory Astrophysics (JILA), 
National Bureau of Standards, Boulder 
CO 80303, (303) 499-1000, extension 
3631. 

Tentatively scheduled for January 
1979 is the third in the series, the 
Symposium on Mathematical Modeling. 
For details contact Dr J R Rosenblatt, 
NBS Applied Mathematics Division, 
Room A337 Administration, Washington 
DC 20234, (301) 921-2315. 

Coordinating the Symposia on 
Challenges in Science and Technology 
is Dr Helmut Hellwig, NBS Time and 
Frequency Division, Boulder CO 80303, 
(303) 499-1000, extension 3277.8 
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PROFESSIONAL 
TERMINAL 


INTERTUBE? — The fantastic new video 
terminal with 12" screen, 24x80, 128 upper 
-lower case ASCII characters, 16 program 
mable function keys, 14-key numerical key 
pad, protective fields, and much, much 
more. .. compare with ADM, Soroc, Hazel- 
tine... FANTASTIC PRICE: ONLY $ 784 


COMPLETE 
BUSINESS 
SYSTEM 


With keyboard and video terminal, 2-80 


processor, 32K memory, dua! minifloppy 
disks (286 kilobytes), Teletype 43 printer 
(30 cps pin-feed platen), Extended BASIC 
Software, assembled and tested with 
interfaces ready to use — ALL for... 


$3,995 


$-100 MEMORY BOARDS 


Dynabyte* 16K Dynamic RAM Module 


List $390... .......... $319 
Dynabyte* 16K Fully Static RAM Modula 
Model 1625, 250ns List $555 ,.. 444 
Model 1645, 450ns List $525 ... . 420 
Dynabyte* 32K Fully Static RAM Module 
Model 3225, 250ns List $995. . 796 
Model 3245, 450ns List $925... . 740 
* ASSEMBLED AND TESTED — ONE YEAR WARRANTY 
SD 32K Dynamic w/BK, Kit, .. ,.. 149 
SD 32K Dynamic w/16K, Kit..... . 249 
SD 32K Dynamic w/32K, Kit.. ..... 449 
16K Static iFamous Brand! formerly sold 
at$699.,....., SUPER SPECIAL: $399 
TDL VDB 25x80 Video Display Board, 
assemitested reg. $369....... NOW 314 


ASCII KEYBOARDS in enclosure (sur plus! 
COR P wide ie STARTING AT: $ 44.95 


IBM 735 WO SELECTRICS lused) from’ $395 


TELETYPES (immediate delivery) 
KSR-33 lused)... .. . aslow as $ 495 
ASR-33 (used) ........ aslow as 695 
NEW MODEL 43, 3U cps. startingat 995 


Famous DECwriter Il (new).... .. , 1490 
ALL PRICES PLUS SHIPPING 


SEND FOR FREE CATALOG 


MiniMicroMart, Inc. 


1618 James Street 
Syracuse, New York 13203 
Phone: (315) 422-4467 
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MUMPS Group to Meet in San Francisco 


MUMPS Users' Group (MUG) will 
meet in San Francisco CA on June 7 
thru 9 1978, at the Jack Tar Hotel. 
The conference includes all day tutorials 
on programming in MUMPS, ambulatory 
care information systems, technical 
aspects of ANSI Standard MUMPS, 
formal presentations of medical and 
nonmedical applications, panel and dis- 
cussions on applications on computers 
in medicine. The conference is the same 
week as the NCC in Anaheim CA. For 
more information contact Pat Zimmer- 
man, Dept of Biometry, Wearn Research 
Bidg, University Hospitals, Cleveland OH 
44106.8 


What Might Be Called 
CACHE's On Line Graffitti (COG) 


In a recent phone conversation with 
Ward Christensen, confirmed by a copy 
of The CACHE Flash newsletter, | 
learned about an experiment called the 
Computerized Bulletin Board System. 
This system was implemented over a 
weekend by Ward and another member 
of CACHE, Randy Suess. It is an 8080 
computer system, floppy disk and auto 
answer modem running 24 hours a day 
just to see what happens. According to 
its originators, all you do is call (312) 
528-7141 with a 110 bps or 300 bps 
modem handy, connected to your 
terminal (or your computer emulating 
a terminal]. When the tone is heard 
(assuming you don't find a busy signal 
because of all the other people reading 
this notice who are trying the same 
operation) you connect your modem 
and proceed with an interactive se- 
quence. A session begins when you slow- 
ly type a series of isolated carriage 
returns {ASCII hexadecimal code OD) 
which enable the system to determine 
the speed of your terminal. After that, 
the system provides the caller with 
interactive prompting about its various 
functions. The system has been running 
since early this year; according to Ward 
people have been calling and leaving 
messages from all over the country. It 
represents a practical implementation 
of some of the networking concepts 
which peopte are talking and writing 
about for use with personal computers. 
For those unfamiliar with the organi- 
zation, CACHE is the Chicago Area 
Computer Hobbyist Exchange, located 
at POB 52, South Holland IL 60473, 
with meetings once a month on the third 
Sunday of the month. For more infor- 
mation call Dave Jaffe, (312) 849- 
1132, 


Bulletin Board System 


The interactive Bulletin Board system 
implemented by Ward Christensen and 


Dealer Inquiries Invited 
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Introducing 
Bit Pad. 


The new, 
low-cost digitizer for 
small computer systems. 


Bit Pad is the newest product from Summagraphics, the leading 
producer of professional digitizers. It has a small 11-inch active area and 
a small $555 price tag. But the list of applications is as big as your 
imagination. 

Better than a joystick or keyboard for entering graphic information, 
it converts any point on a page, any vector, any distance into its digital 
equivalents. It's also a menu for data entry. You assign a value, or an 
instruction to any location on the pad. At the touch of a stylus, it's 
entered into your system. 

Who can use it? Anyone from the educator and the engineer to the 
hobbyist and the computer games enthusiast. The data structure is 
byte oriented for easy compatibility with small computers, so you can 
add a power supply, stand-alone display, cross-hair cursor and many 
other options. 

$1,000.00 creativity prize. You can also add $1.000.00 to your 
bank account as a reward for your inventiveness. Just write an article 
on an original Bit Pad application and submit it to any nationai 
small-computer periodical. tf the editors publish it — and the decision 
is solely theirs — Summagraphics will pay you $1,000.00. Contact 
Summagraphics for rules concerning this offer. 
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corporation 
35 Brentwood Ave., Box 781, Fairfield, CT 06430 


Phone (203) 384-1344. TELEX 96-4348 
Visit us at NCC Booth Nos. 1760 and 1762 
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16K RAM 


Fully Assembled, Tested, 
Burned-in 


Using the TMS 4044 


250 nsec. chips—$425 


Z-80A 4 Mhz. Fast—This fully assembled and tested 
16K board was designed to operate without wait states 
in a 4 Mhz. Z-80A system allowing over-generous time 
for CPU board buffers. 


450 nsec. chips—$375 


For 2 Mhz. Systems—Same circuit as above but 
priced lower because of less expensive memory chips. 
It is fully assembled, burned-in, tested and guaranteed. 


8K Versions Also Available 


Both boards available fully assembled with sockets 
for all 32 MOS chips but supplied with only 8K of chips. 
8K—250 nsec.—$265. 4K chip set—$95. 8K-450 
nsec.—$235. 4K chip set—$85. 


Fully Static is Best—Both boards use the state-of- 
the-art Texas Instruments TMS 4044 which requires no 
complicated and critical clocks or refresh. The fully 
static memory chip allows a straight-forward, "clean" 
design for the board ensuring DMA compatibility. They 
use a single 8 volt power supply at 1.7 amps nominal. 


Fully S-100 Bus Compatible—Etach 4K addressable 
to any 4K slot and separately protected by DIP switches. 


Commercial Quality Components—First quality 
factory parts, fully socketed, buffered, board masked on 
both sides, silk-screened, gold contacts, bus bars for 
lower noise. 


Guaranteed—Parts and labor guaranteed for one full 
year. You may return undamaged board within ten days 
for a full refund. (Factory orders only—dealer return 
policy may vary). 


Check your local computer store first 


Factory Orders — You may phone for MC, VISA. 
Cashier's check, M.O. speed shipment for mail orders. 
Personal check OK. Shipped prepaid with cross country 
orders sent by air. Shipping — Stock to 72 hours normal. 
We will confirm order and give expected shipping date 
for delays beyond this. Washington residents add 5.4% 
tax. Spec. sheet, schematic, warranty statement sent 
upon request. 


Seattle Computer Products, Inc. 


16611 111th S.E., Renton, Washington 98055 
(206) 255-0750 
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Randy Suess produces this hard copy 
upon signing on. The entire system is 
interactive, so that all the instructions 
and prompting information a user needs 
can in principle be obtained by inter- 
acting with it. This text printout was 
obtained by answering "y" for yes to a 
number of the prompting queries. We 
only show a small excerpt of what 
can be a long and fascinating interactive 
communications session. 


#1 TERMINAL NECO NULLS? TYPE CTL-M WHILE THIS TYPES; 
ees WELCOME TN NART AMP RAND S sss 
sea COMPUTERIZED CULLETEU ROARP SYSTEM es» 
Resse > COHTROL CHARACTERS ACCEPTED EY THIS SYSTEM: 


we ERASES LAST CHAR, TYPEN fan” ECHOS IT) 
CANCEL CURRENT PRINTING 


Hir *KILLS* CURACIT FUNCTION, RETURNS TO MEHL: 

CTL-N SERN $ NULLS AFTER CR/LF 

CTL-R RETTPES CUPRENT InPUT LUFF {AFTER CEL} 

Cn-s STOP/START QUTPUT (FOP VIE TERMINAL) 

CTL-u ERASE CURRENT INPUT LINE 
f---------------2.---- BULLETIN — --------+------------s 


PROBLEMS WITH THE SYLTEUT? 
FOR HARDWARE CALL RANDY AT ($12) 935-3556 
FOR SOFTWARE CALL WARN AT (312) Buín-n276 
999 PULA tin IRI 


—A——— BULLET ti —— 
"ARCH CACHE MEETING, SUN, THE 19TH. DETAILS IN MEG. 101 
——————————À—— BULLETIN en rama mrs Tere m 


Y/N: 1S TUIS YOUR FIRST TIME ON THE SYSTII?Y 
YAN? CAN YOUR TERPINAL RECEIVE UEP CALC CHARACTERS?Y 
File last updated 3/14/78 


When you are asked à question, answer wit! Y For yes, 

or N for no. 

Are you using a video terminat (not a nrinter)?y 

When the system is typing, you can use control-§ to ston 
the output to look at It, then again to continous, This will 
allow you to see what Is sent before it scrolis off, 


Mant summary of system functions?y 
The system has only three major functions: 


~») Entering messages 
-e> Retrisving message summaries 
-=> Retrieving messages 


Want to know purpose of this system?y 

It was concelved, financed, and is run by Ward Christensen 
and Randy Suess for message communication between comouter 
hobbyists. Typical message subjects include: ‘something tor 
sale’, ‘need help with something’, "club meeting ^otice', 

or just sharing ideas. Fee! free to leave a message on 

any hobbylst computer related subject, 


Mant to know what herdware makes un te system?y 
The hardware consists of: 

Vector/! mother board 

Card cage 

Vector Reset and Go Prom/Ram board 

JHSAl $080 CPU board 

?^K of various memory 

Tardel) floppy disk cantrotier 

tanoves floppy disk 

OC iayes modem hoard 

Polymorphic VTI video board 

SWTPC keyboard 

Processor Tech. 3P*> 

ASR-33 for message longing 


hant à quick summary of what to do your first timely 
1. S + Use the S$ function to retrieve nessage summaries 
*.— Start with message 1 
e Use control-5 to stop/start cutout, 
* Welt] down message numbers you want ta see. 
= Use control-X to kil) the summary, return ta menu 
1, RB - Use R function to retrieve messages of Interest, 
3. Q= Use the G (Good bye) function when you are done. 
Remember tO use the H (Help) function for dertalis. 
WHAT 1$ YOUR FIRST NAPE Ine 
WHAT 15 YOUR LAST WAME?u«er 


LOGGING NAME TO DISK... 
FUNCTION: $,C,D, E,C,H,N,R,S,W, (OR ? IF NOT XNDUNDT^ 


FUNCTIONS SUPPORTED: 


AePRENT BULLETIN 

C=CASE SWITCH (UPPER/LOWER) 
DeDUPLEX SUITCH (CFCHO/KO ECHO? 
E*EWTER MSG INTO SYSTEM 

G=eGOOD BYE (LEAVE SYSTE*) 
UeHELP WITH FUNCTIONS 

H-HULLS: SET Ò TO 9 AS REQUIPER 
R=RETRIEVE MSG 

J=SUMMARIZE MSGS 

WeTYPE WELCOME 


Seren: B,C,D,E,G,H, N, R, S, N, (OP ? IF NDT ENON} hbt 


STARTING MESSAGE NUMBER (C/A TO &ETUPM TO PENUITLIES 
USE CTL-K TO ABORT, CTL-C TO SKIP, CTL~S TO PAUSE, 


HO. SIZE --DATE-- ------ --FRMM-T mum n me d LEE 
169 16 23/19/78 WARD CHHESTENSEN IRSSAL SUNT PS " 


Survey Contest Results 


The 1978 BYTE Reader Survey, 
mailed to 5000 randomly selected 
addresses on our mailing list on January 
15 1978, featured an informal incentive 
contest drawing from among those 
individuals who returned completed 
survey forms. The drawing was held 
on March 15 1978 in our offices, with 
the names of the three winners docu- 
mented here: 


First Place (the first name drawn) 
was a $500 check sent to T L 
Balog of Cleveland OH. 


Second Place (awarded to the 
second two names drawn) was a 
$250 check sent to ) Edward 
Potzler of Brookfield IL and 
another $250 check sent to 
Robin Sutton-Brown of Fresno 
CA. 


We wish to thank all the individuals 
who participated in this survey for re- 


Ask BYTE 


SPECIFICATIONS SOURCES 


Can you tell me where a beginning 
hacker can get transistor and integrated 
circuit specifications? Where | shop, one 
or two ratings are readily available, but 
more detailed characteristics under vary- 
ing conditions are not. 


James Howard 
3600 Parker Av 
Louisville KY 40212 


Severa! mail order parts suppliers 
make available engineering documen- 
tation fer the common integrated cir- 
cuits. In our work at BYTE, the most 
frequently referenced books are those of 
Texas instruments. This series of books 
includes one or two textbooks and 
manuals of specifications on subjects 
ranging from TTL integrated circuits 
to memory parts to optoelectronics 
to discrete transistors and Hnear inte- 
grated circuits. (These books are 
marketed by BITS Inc, 70 Main St, 
Peterborough NH 03458) The next 
most frequently referenced compendium 
of technical specifications for integrated 
circuits is the set of documentation put 
out by National Semiconductor, but this 
set is much less readily available. For 
other manufacturers and parts not 
covered in these two libraries, we have 
to rely on a random collection of indi- 
vidual specification sheets, since books 
don't seem to be available., B 


turning the filled out forms. The results 
are being tallied as this is written (March 
29 1978) and are expected to be sum- 
marized in BYTE towards the end of this 
coming summer as well as being made 
available in more complete form as a 
report available on request.B 


A Metamorphosis 


Recently we received the first copy 
of a journal with which we have long 
been familiar under a previous name and 
format. The PPC Journal is the new 
format and name for the HP-65 Users 
Club publication formerly called 65 
Notes. (The group is not affiliated with 
Hewlett-Packard.) This publication is the 
work of Richard J] Nelson, 2541 W 
Camden Pl, Santa Ana CA 92704. 
Quoting from fine print in the volume 5 
number 1 issue, ''The Club is a volun- 
teer, non-profit, loosely organized, inde- 
pendent, worldwide group of Hewlett- 
Packard personal programmable calcu- 
lator users. The official Club publication, 
PPC Journal, formerly 65 Notes, dissemi- 
nates user information related to appli- 
cations, programs, programming techni- 
ques, problems, hardware, innovations, 


— any information related to the 
selection, care, use and application of 
Hewlett-Packard Personal Programmable 
Calculators.” 

The first issue of the new format 
contains 36 pages of material in a saddie 
stitched booklet form with three hole 
punching that enables the user to accu- 
mulate issues in an ordinary three ring 
binder. The materials in this issue 
include the following titles: 


“Sampling Without Replacement” 
"Calculator Wish List” 

"Calculator Patents & Programs" 
“Adjusting HP-97 Print Density" 
“Uneven & Irregular Cash Flows" 
“The Games of King & Hammurabi" 
"Beginners' Programming Tricks” 
“Calendar Algorithms” 

“HP-67 Circuit Details” 

*HP-67 Modifications” 


If you are a user or prospective user 
of the calculator products of Hewlett- 
Packard, this grass roots user pheno- 
menon (independent of HP) will provide 
valuable information not available fram 
any other source. The price of the PPC 
journal is $15 in the US, and member- 
ship Is open to anyone anywhere in the 
world who uses HP calculators.BM 


Free 48-page catalog to help you 
increase computer room efficiency. 


The Minicomputer Accessories' new 1978 Summer Catalog is yours for the 


asking. Our same-day shipment policy means you get your order when you 


need it. And a full, no-nonsense guarantee on every product assures your 


satisfaction. 


9 pages give yon practical, reasonably 


priced media storage alternatives. 


Pages 38-44 are full of cablesiconnectors 


you can order today and receive tomorrow. 


Pages 11-19 give you same-day shipment on 
guaranteed media while saving you money. 


Page 3 introduces you to an 
all- 


new software calculator. 


Pages 24-25 show you how to increase 
keying operatar productivity. 


Minicomputerf 


—L. 
Accessories t ae 


Circle 243 on inquiry card. 


^ Pages 34-35 offer you 9 ways ta 
improve your software designs. 


For your free catalog circle No. on inquiry card. 


130 S. Wolfe Rd. * PO. Box 9004 
Sunnyvale, CA 94086 * (408)737-7777 
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Conducted by 
David Wozmak 


Glubs sao 


Newsletters 


NCCN 


The Northwest Computer Society Inc 
meets at the Pacific Science Center in 
Seattle on the first and third Thursday of 
each month at 7:30 PM. The first meet- 
ing of the month is usually more formal with 
a featured speaker or a demonstration. The 
second meeting of the month is less formal, 
with freewheeling discussion and problem 
solving. To contact the Northwest Computer 
Society write Northwest Computer Club 
News, POB 242, Renton WA 98055. 


= 


TURN YOUR COMPUTER 
INTO A TEACHING MACHINE 


The staff at Program Design did not leam 
about educational technology from a book— 
we wrote the book! We have been innovators in 
such teaching materials as programmed instruc- 
tion and multimedia presentations. We also belong 
to that minority in education who actually test ma- 
terials to see that people can learn from them. 


Now Program Design brings this experience to the persona! 
computer field. PDI is developing a line of educational and 
game programs lor the whole family—from preschool child to 

adults. 


Program Design educational software uses the computer's full teaching 
potential in exciting and effective ways. Programs are simple to use and 
memory efficient, and most important they teach! 


TAPES NOW AVAILABLE FOR THE TRS- 80. PET. APPLE II 


SAMPLE OUR SOFTWARE FOR $1.49. Send us $1.49, ycur name, address, and 
type of computer, and we'll send you a tape for your computer with actual samples of 
our programs. 


Or circle our number on the reply card for a printed catalpg. 
Department 200 PROGRAM DESIGN, INC. 11 IDAR COURT GREENWICH, CONN 06830 


106 June 1978 BYTE Publications Inc 


Circle 306 on inquiry card. 


PET User Group 


The newsletter of this Pennsylvania 
based group contains a veritable treasure 
trove of information and interesting facts 
about the Commodore PET. On the hard- 
ware side it has information about opera- 
ting modems with PET, interfacing to an 
Altair (S-100) mother board, available 
peripherals, and more. in the software 
section there is a PET Errors and Bugs 
column, which offers solutions for the few 
bugs which have been found. There are also 
a number of columns by various contrib- 
utors on the subject of PET programming. 

PET User Notes is published six or more 
times a year by Gene Beals, PET User 
Group, POB 371, Montgomeryville PA 
18936. Membership/subscription is $5 per 
year in the US and Canada, $10 in other 
countries. 


APPLE 


An Apple Il users group has recently 
been formed in the Seattle Washington 
area, with membership open to all. The 
primary function of the group is the ex- 
change of ideas and programs, which is 
accomplished through the medium of 
Call Apple, a monthly newsletter. For a 
sample copy of the newsletter and an ap- 
plication blank, send an SASE to APPLE, 
c/o Val | Golding, 6708 39th Av SW, 
Seattle WA 98136. 


Theater Computer Users Group 


The Theater Computer Users Group 
(TCUG) exists to provide a method of 
exchange of information about uses of 
computers in theater. The primary medium 
of communication is a periodic newsletter 
which is supported with a $4 fee. Topics 
of interest include special programs for 
specific theater jobs such as set design 
and inventory, cutting lists and ticket 
sales and special uses of hardware for things 
like stage lighting and management of pro- 
duction cuing. Other areas of interest 
include ticket sales, mailing list and patron 
records, actors/casting lists, volunteer crew 
management, financial records and a num- 
ber of inventory and management functions. 

Material in the newsletter includes 
comments from theater people, descriptions 
of programs and problems and analysis of 
new products that might have special uses 
in theater. Book reviews and reports of 
past or upcoming meetings of interest are 
also included. Contact Mike Firth, Theater 
Sources Inc, TCUG-TSI, 104 N St Mary, 
Dallas TX 75214, (214) 827-7734. 


TRS-80 User Group of Eastern 
Massachusetts, ., 


The TRS-80 Users Group of Eastern 
Mass was formed in January 1978 to link 
the growing numbers of users of the new 
Radio Shack  TRS-80. With thousands 
of these Z-80 based systems delivered since 
October 1977 and new peripherals and soft- 
ware becoming available each month, the 
group expects to be a popular and useful 
clearinghouse and generator of activities 
concerning effective use of the TRS-80. 
Interested TRS-80 users are invited to 
attend meetings, held at 7:30 PM on the 
second Wednesday of each month. For fur- 
ther information, write TRS-80 Users Group 
of Eastern Mass, c/o Miller, 61 Lake Shore 
Rd, Natick MA 01760. 


...and Wisconsin 


Hardware is the specialty of this group. 
Only the TRS-80, by Radio Shack, is dealt 
with, The aim of this group is to develop, 
jointly with members, hardware and inter- 
faces to existing, lower cost peripheral units. 
Software will be handled via exchange. Hard- 
ware and software exchange pays a small 
royalty to developer. The newsletter 7R5-80 
User Notes is sent monthly. Membership 
cost is $17 the first year, $12 per year 
thereafter. For more information and a 
sample newsletter send a SASE to John P 
Marsh, 621 13th Av S, Onalaska WI 54650. 


...and North Carolina 


The TRS-80 Users Group of North 
Carolina has a newsletter which is packed 
with programs for such things as: bio- 
rhythms, math quiz, card games, wumpus, 
lunar lander, UFO and so on. There is also 
hardware information on the TRS-80. For 
more information contact R Gordon Lloyd, 
TRS-80 Users Group, 7554 Southgate Rd, 
Fayetteville NC 28304. 


Computer Club of Western New York 


The Computer Club of Western New 
York is an organization in the greater 
Buffalo area providing computer hobbyists, 
professionals and students the chance for 
hands on experience with the latest in 
microcomputers. The club presently has two 
Cromemco Z-80A microprocessors with up 
to 64 K core memory each, an 8 inch dual 
disk drive, tape cassette storage, a Teletype 
several CRTs, and is always adding more. 
Classes in BASIC, FORTRAN IV, assembly, 
and microcomputer engineering are held 
on a rotating basis. 


Circle 145 on inquiry card. 
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Software 


CRAPS (Las Vegas style) $6.00 
MULTIPLE LUNAR LANDER $8.00 
SLOT MACHINE $6.00 


GAME PACKAGE: Russian Roulette, Mad 
Scientist, and ABM $8.00 


Graphics » PICTURE MAKER with AMP'L ANNY $42.00 


GRAPHICS PACKAGE I: Laser Beam, Space 
Shuttle, and Blast Off $40.00 

GRAPHICS PACKAGE II: Rain in Greece, Flea, 
Textwriter, Random Walk $40.00 


Scientific « FOURIER FIT: Does curve fitting $45.00 
Systems RANDOM NUMBER GENERATOR TEST $5.00 
HEX MEMORY LOADER $40.00 
MEMORY DUMP PROGRAM $10.00 

MEMORY SEARCH $5.00 


All Programs Written in BASIC 
Complete Easy to Read Documentation 
Programs Completely Tested 


SOFTWARE RECORDS 


P.O. BOX 8401-B 
UNIVERSAL CITY, CA 91608 


(cal residents add 6% sales tax) 


OBOTICS 


MODULAR ROBOTS for 
Industrial and Personal Application 


Send for complete brochure: 
GALLAHER RESEARCH, INC. 
P.O. Box 10767 

Salem Station 
Winston-Salem, N.C. 27108 
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Club meetings are on the first Tuesday 
of every month at 7 PM, and a newsletter is 
being planned. Dues are $20 for students, 
$25 for nonstudents, with group discounts 
available on both memberships and com- 
puter time. For more information, write 
Computer Club of Western New York, 
3834 Main St, Eggertsville NY 14226. 


BUSS 


Edited by Charles Floto, Buss is the 
independent newsletter of Heath Company 
computers. |t contains Heath product 
information and user reports. The contact 
address for BUSS is Charles Floto, 325 
Pennsylvania Av SE, Washington DC 20003. 


COM-3 


COM-3 is a huge newsletter (approximate- 
ly 45 pages) from Victoria AUSTRALIA. 
Edited by Timothy Mowchanuk, this news- 
letter covers just about everything (rom cal- 
culators to PROM data rewrites. The name 
COM-3 is taken from the first three letters 
of the words computer, community and 
communication, and symbolizes the growing 
interaction between these things. To contact 
COM-3 write to Timothy Mowchanuk, 


editor, c/o Essendon Grammar School, 
POB 138, Essendon, Victoria 3040, 
AUSTRALIA. 


Alpha Micro Systems AM-100 User Group 


A program exchange and monthly news- 
letter is being established for users, owners 
and persons interested in the Alpha Micro 
Systems AM-100 computer system. 


of the programs that have been submitted 
by users. In addition, it is planned to in- 
clude short announcements of programs that 
are in the process of being developed as well 
as other items of interest. 

The distribution medium of the programs 
and their support files will be via floppy 
diskettes written in the IBM compatible 
AMOS format. For further information con- 
cerning membership and details of program 
submission contact Lefford F Lowden, 
616 Long Pond Rd, Rochester NY 14612. 


DG Users Group Formed 


An independent users group has been 
formed to act as a clearinghouse for ex- 
change of Digital Group information. The 
first issue of the group’s newsletter features 
an evaluation of Micro Com software, an 
interface for a Selectric (hardware and 
software), a discussion of problems in 
expanding past 26 K, a flea market section, 
and so on. For information write to DG 
Users Group, POB 316, Woodmere NY 
11598. 


Tri-State Computer Club 


The Tri-State Computer Club is a newly 
formed club with one main purpose in mind, 
to provide a common source of information 
and help to those interested in computers 
and other related equipment. Meetings are 
held every other Tuesday evening at 7:30 PM 
at 22 Beechurst Av. Anyone interested is 
invited to attend. For more information 
contact Randy Crowe at Rte 3, Box 84, 
Morgantown WV 26505 or phone (304) 
292-1915 or (304) 292-9700.» 


The newsletter will contain descriptions - 
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$95 Stand Alone Video Terminal 


rad S8 


ss 


-, 11245) 
BRSTUUNI 


Apu sion. 1 


SRECOEFGHLIKL'NDO 


eze-«[[ [et 


"abcdefahijklanapqrstuuwxuzii 
SCT-100 FEATURES: 


, Serial ASCII or BAUDOT with multiple Baud rates 
78 SM © $187 Assembled or $157 Kit (Partial Kit $95) 


f E 


Lj 


34 / i / 


= MT, 


A 


j lj 5 " 


9 = @64 X 16 line format with 128 displayable churicters 
è i — 


/ & Full cursor control with scrolling and paging 
@ On board power supply 
@ Many additional features 
Call or write today. MC/VISA accepted 


XITEX CORP. P.O. Box #20887 


Dallas, Texas, 75220 @ Phone (214 )620-2993 
Overseas orders and dealer inquiries weleome 


Circle 400 on inquiry card. 


Programming Quickies 


Those Calculating Romans 


1 Cd Spore 
pu Bp pee a Nears 
IE Fak Fis HE AGNETE n "ANFXT F] 


wi FRIMI TABS EM TIRE ON" 
d FO Pigi FË SE RINTANE RT Fi 
EIN zd " E T 7. QR. UE 
Laurence G Dishman Ro TROP ole THEN iei (UNCTIO 1A E MeD) ars 
5525 Metropolitan Pky . Zh PRINT TARII ENTIER @= DOR SUM." 
Sterling Heights MI 48077 - poo Par soe 10 0C APPEND. 7. 
Ll PP ONT. COURS THEN cela BEE d 6 
Joe errr cn 2l 
Li) PRINT TAROS te Listing 1: Roman numeral 
Remember learning about Roman Litt BRINT ME mathematics N program 
j . 4 WOTE Loe ] " 
numerals and all the fun you had with the Hu IF F$ Ms THEN 200) BASIC " orth Star 
; "O2 " MENUEND. "s ATE - 
ungainly numbers? Now you can let your A ° ie 0 on 
` Cn E 
computer have fun with them too! The Japao HRTRAHEND * tinues on pages 110-771. 
program in listing 1 is a 4 function Roman LA 
numeral calculator that displays inter- PRINT TAECIm an = 


mediate values in Arabic notation. A slash i PRINT NG 

(/) preceding a Roman numeral is substi- » IF RECOM" THEN 420 s 
tuted for a bar above the numeral. The slash 

signifies multiplication by 1000. The pro- 
gram was written in North Star BASIC and 
uses the variables shown in table 1. Table 2 
i$ a brief description of the program. 

The examples in listing 2 are, of course, 
addition, subtraction, multiplication and 
division. The program prompting is remi- 
niscent of many old mathematics texts : ET 
which are arranged as conversations between EA PRINT TOBE iy. A.” = "s 
teacher and pupil. One interesting aspect of 2x5 QUA NE, 
the program is that if a nonstandard Roman Sen cr pese oc ET TH BALTE... THEN SYSTEM © RASHES" 
expression is entered in addition mode and 
nothing is added to it, the result will be à e INPUT "ENTER ROMAN NLIMPRAL :7.N$ 
Roman expression in standard form. $16 FüR Flu] TO dOAN CPL SC\NEXT Fi 


ES 


TAEN 1n3."FàA6 Tr ”, 


Sony 


hal i 


RES 
1 pe THEN Sac 
T TARIO} "BIVIDEND ", 


So 


TABC Ita. “DIVISOR "s 


tun 


MICRO-PROCESSOR PROGRAMS VIA PHONE LINES 


DIAL-A-PROGRAM 


— Why spend time waiting for expensive 
software by mail when you can obtain low cost 
software in minutes on our Toll Free Phone Lines. 

— This unique Software Service makes available 
to its subscribers a wide selection of Micro- 
Processor Programs via conventional phone lines. 

— This system is TRS-80 and Kansas City 
Standard compatible. 

— Call Toil Free for More Information between 
9:00 a.m. and 11:00 p.m. EDT. Fla. residents call 
(904) 269-4406. 


A Division of Micro Systems Services, Inc.. P. O, Box 1444, Orange Park, FL 32073 All Rights Reserved 
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tees , ` 620 Nish 10 GOTO S7K 
Listing i, continued: &30 P=LEN(NS) $256 IF R/96t000 < i THEN *éO 
AAD FOR PizP T9 | STEF -1 $30 N$IP.P*3)-2"/C 7M" 
ASG IF HIE MT THEN NEXT Fil 74 Bale rele te 
440 PASUR 750 IS Pb 
&74$0 NEXT F1 40 IF A /EWICICIOHO D] THEN pou 
480 NIZN(P) 270 NS&(UPLPRIDIEU/ZDU 
600 FOR PI=F-} TO 1 STEF -1 "go AÅ- TORIA 
7060 IF N(F1+1)=0 THEN P2-F1*2 ELSE P2=Pitl "OW PsPeáO 0 X 
710 IF NCP JOS =NCPS) THEN NIZNI4N(FP1) ELSE NIZNI-N(UE1) LOG IF Asano 7 |] THEN pogi 
720 NEXT Fd LOLO NSC. Pesan ZET" 
720 PRINT TAB( IS) N$,” = '".NI 1020 A-A-460060 
740 RETIIRN {O20 FarP+4 ae 
750 IF NS$(P1,FP1)z"I" THEN N(F I=] Inga IF As 1 THEN qon 
760 IF N$(F1.P1)-"V" THEN N(P1)=5 into NSF, s 
IF N$(F1.P10="X" THEN N(F I H10 taen AzA- gie 
2 IF NS(P1,P1)="L" THEN N(P1)zS0 1070 Ff. 
IF N*(P1,P1)0z"U" THEN N(E1)-2100 TOE GATA 
IF N$(PI.Pi)-"D" THEN N(F1)-500 1096 IF Z 1 THEM 1120 
IF Nt$(F1.P1)2"M" THEN N(Fi1)5z16o0 11600 N$ ayy gare 
| IF Pt=1 THEN RETURN 1110 A= 
IF N$(tP1-1,F1-1)z"/" THEN NIEFI1)EN(GE 120851000 11l% F=f 
3 RETURN 1130 IF j 1 THEN $4760 
Nf=" “ 1140 N$ fue 
Po} 119560 A- 
IF A/1n000000 2 |] THEN 20 tian Pafe? 
N$(UP,P«1)z"/M" 13760 IF AFOD K 1 THE te Lass 
AZA- I OOCR Lisl MEEPS AXE 
PaP? pion AZA- ADI 


Table 1: Variables used in 
Roman mathematics pro- 
gram. 


Intermediate Arabic value for later conversion to Homan 
FS Character value indicating function desired 

N Array holding the Arabic value of each Raman numeral in the expression 
N$ Array holding the Roman numeral expression 
N1 Returned Arabic number after conversion 
P,P1,P2 Pointer variables 

S Intermediate Arabic value used in calculations 


Table 2: Brief description 
of program broken down 


Statement Commentary 


; 1 Switches from CHT to Printer mode in my system. 
by line number. 10-50 Inputs desired function. 
60-530 Based on which function is desired, the computer calls for the inputting of 


a Roman expression and calls the appropriate subroutines. Then prints the 
values and answer. 


540 If no legal function is inputted, the program aborts. 

560-580 Were used for diagnostics during program preparation. May be omitted. 

590-740 Input Roman expression and evaluates it back to front using the sub- 
routine at 759. 

750-840 Checks for value of Roman numeral then check to see if it is preceded by a 
slash. If so, muliplies by 1000. 

850 Set the output array equal to 40 blanks. 


860-1910 Is a common assemhly line approach to assembling the standard Roman 
expression of the Arabic value calc''lated., 
1920 Prints OFT) ''It is finsihed.'' 


MORE 6800 SOLUTIONS: 


FOR SWTPC 6800 FOR MOTOROLA "D2" M6800 SOFTWARE 


AS-1 ANALOG INTERFACE MODULE DA-I UPGRADE KIT __ A/BASIC COMPILER. 

® FAST, ACCURATE A.D, DEA CONVERTS D2 TO TERMINAL FO e 8K (NIENDID BASIC COMPILER 

CONVERSIONS RETAINS FULL CASSETTE LO e CONVERTS BASIC PROGRAMS FO 

LIGHT ANALOG INPUT CHANNELS CAPABILITY PAST, MEMORY ELFICIENT 

ONE PHGH-SPEED ANALOG OUIPLUI INCLUDES RT 68NIX ROM - MACHINE LANGUAGE 

OCCUPIES ONE LO SLOT MONITOR OS © DESIGNED TOR RI 68 SUPPORTS 

$90.00 KIT $125.00 ASSM. ALLOWS USE OF BASIC, EDILORS, SUL TIPROGRANINUNEC, 

ASSEMBLERS, LIC. e EXTREMELY VERSATILE LO 

SC-1 SERIAL INTERFACE CARD RS-232 SERIAL INTERFACE * KC CASSETTE + NAANEL ABL O $D 

e RS-232 SERIAL INTERFACI DAT w/70 p. MANUAL $70.00 RT/G8MX OPERATING SYSTEM 

* FUIL CONTROL SIGNALS MOTOROLA MMS68104 16K RAM. © LNPANDEDCONSOLL NIONITOR ROSE 
IMPLEMENTED B 16K BYTES DYNAMIC RAM * REAL TIME OPERATING SYSTEM 

*. MOSI VERSATILE SERIAL 1°O ENGINEERED SPECIFICALLY FOR 7D2 DIRECTE SHKHUG RIPLACINIEN I 
AVAILABLE [XORCISOR — TYPE BUSS PIA OR SMCLEI-ACIN LO 

* $40.00 KIT $50.00 ASSM. $395.00 ASSEMBILD RL BBN RON Ww MANE AL $55 00 


Master Charge & VISA Welcome Witte or call tor bree € atafog 


MICROWARE SYSTEMS CORPOR ATION 


P.O. BOX 954 * DES MOINES, IOWA 50304 * (515) 265-6 6121 
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Listing 1, continued: Listing 2: Examples of the four arithmetic 
functions which are arranged in the form of 


12060 F-PF*a4 Roman mathematics texts. 

Pein IF Aviad 7 |j THEN 120 

1220 N$(P.Fe])-2"7X" 

EPA B-B,.Ioeen vENDIISTPNM 

1250 GTA J210 

1260 TR A/9n00 | THEN 1200 

1270 N*$(iP.D)-"M/X" ENTER FUNCTION (asc MD cà 

12358 A-A-»000 ENTER @= DOR THM. 

1590 p-F4 ALILIENE [NTC ROMAN MIIMERAL of H4 MMM ML TV 
1:00 IF Q@/Snm0a . 1 THEN 1 *4n HA MMM MLE T w A 
1210 NS(PLP RDS" ry" anneni "ENTER KINAN NUME RAL E a PMM 
1? zi AZA SD TMAM C = AoE, 

1330 Pope) | ol nhnr wir ENTER RAMAN PORE GS reply 
1340 JF A/40G00 . J THEN 1370 PMO TT o  qneeqno 

12750 NS (PR, P+ cba a sy” APPEND CNTR RF PamaM NUMERA a 
1260 AA- E ISDF PC Cs de ee OP Yn 
1:70 PaP+> vip fe 

Tse IF Q/1]000 | 1 THEN 14260 REAY 

1230 M$iF)z2"M" [44M 

14600 AzA-1000 

1410 P-F*1 (ERE Tre) 

1420 GOTM PREG 

143€ IF 4/7060 : 1 THEN 1470 

1440 NCFL Feta" 

145m A=A- 70 FHTEI Flirp Peet, cà = poo cc 

14é0 FPP? MIENIIEND TATIE ENNAN NUMERA IMOM} e'l 
1470 IF A/5600 < 1 THEN 1510 PH YOT Le 

1490 M$tP)s"D" “HT P e nit ENTE fe ROMAN NUNC RG ose Mee dx 
14¢0 AsA-*0n20 EMXETYX > ree) 

15060 P=P+] VU: . (Y Mb x eM TTT 

1516 IF A/400 : 1 THEN 15950 refi 

1520 NSF, P] anri" REAT Y 

1530 A-2-40n Fi IN 

1540 PsF* 

155n IF AZIO 2 J THEN 1600 CEPI pH I 

1540 N$((P)z"£c" 

1570 Azà-100 

1580 PzP*] 

15%0 GOTO 1550 . FMTER FUNC TION Ao. Pee SM 

1400 IF A790 © THEN 1640 FAUTOR ENTER PHÁN NUMERAL FMP XII 
1410 NSF F+ = xE" Minto - al. 

{420 &-6-*90 Rar Tor ENTER ROMAN NUMERAL LNI 
1830 Feo LYI =o 545 

1440 JF A/S0O - | THEN 1424 Cua, = AVI XXII 
1550 N$OP)z"L" CED 

16460 àsa-50 READY 

1470 EF-Pe«1 RLIN 

fae IF A780 : | THEN 1720 

1470 Nth. Pel =" XL" VENTURI CIN 

1700 AsA-40 

1710 F=aP+e 

)720 IF A/10 : 1 THEN 1770 

1730 N$(POoz"Xx" ENTER FUNCTION £4à,-oMpn 20 

1740 A-A-10 OIVITENS ENTER ROMAN N MERAL, LAMER rtm Xr VT 
1750 P-P*1 —— PMAMZCAXPAXM/ÁXECLVI = 

1760 GOTO 1720 DEVE EIR ENTER, ROMAN NIME Frat TMN 
1770 TF &/7 | 1 THEN 1300 DXIX = “Say 

1720 N$(CF.F* D )z"Ix" go; - mevr E] 

1720. RETURN "Fn 

1gon IF A/S : 1 THEN 1240 REATY 

1310 N*$(iP)z"V" RN 

ao A-0-5 

1258 P=P+1 CENTRE TUN 

12460 IF A/4 : i THEN 1870 

1390 NS$LUP.P* 1)5"IV" 

184640 RETURN . . . 

1870 IF A = ù THEN RETURN ENTER FUME TION (A. LIPS 2A 

1320 N$(P)-"I" ENTER @= FR cad. - 
1290 A=A-} ADUEHE! ENTER HUMAN UUMERAL. fEMMML X TX 
1700 PzP*1 LMMMLX IX 

12160 GUTO 1970 ADEE ME ENTER ROMAN. "NLMERAL := 
1920 PRINT TAB RO), "OED" DUNS — MMOML X EX 

READY neo B 


AAA C.C.C. 6800 Systems Specialists 
Dealer in the complete Editor — Text Processor with complete file handling 


® TM ye capabilities, mailing lists and labels, right and left margin 
GIMIX GHOST line justification, up to 10 tabs, block move and copy for 

This month’s feature: contract writing, easy enough for your secretary to use. 
16K software addressable STATIC RAM board for the $100 
55-50 bus 


Uses TMS 4044s Ask about our programs for payroll $400, inventory 


$400, stock club-market evaluation with tax reports 


Fully socketed. $75. Power supply modification kit for SWTPC 


Assembled and tested. computer $20 
Separated into 4 independent 4K memory blocks 
CPU can read status of the software contro! reqisters. 
Each block can be: 
Separately addressed 
Separately enabled or disabled 
Separately protected € Smoke Signal + SWTPC © Percom 
Features above are under both software and hardware * GIMIX * Motorola D2 
control. 300744 W. Waveland Avenue 
Facillitates multi-programming and time sharing. $495 Chicago, IL 60618 (312) 539-5833 


AAA Chicago Computer Center 
Specialists in 6800 Systems 
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Photo 1: The Hewlett- 
Packard HP-67 program- 
mable calculator. Magnetic 
cards containing programs 
gre inserted into the slot 
on the side of the unit. 
(Photo courtesy Hewlett- 
Packard Co.) 
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The HP-67 and HP-97 


Hewlett-Packard's Personal Computers 


Manufactured by Hewlett-Packard, the 
HP-97 and its software compatible younger 
brother the HP-67 are considered by many 
to be two of the best programmable calcula- 
tors available. 

The HP-97 costs $750, compared with 
$450 for the HP-67. Both feature a full 
complement of mathematical functions and 
statistical functions for two sets of variables; 
additional features include: Reverse Polish 


Craig A Pearce 
2529 S Home Av 
Brewyn IL 60402 


Notation; 26 data storage registers (one of 
which is used for indirect and relative 
addressing); register arithmetic; 224 pro- 
gram steps (all fully merged, with no 2 or 3 
keystroke instructions); the ability to record 
programs or data on magnetic cards; a pause 
feature that opens the keyboard up for user 
input during a running program; and a smart 
card reader. 


Smart Card Reader 


One of the HP-67's most interesting 
features is its smart’ card reader, When a 
card is fed into the unit, the reader begins 
accepting 28 byte blocks of data from the 
cards. The first block tells the calculator if 
the card being read is a program card (which 
means the remaining bytes are to be read 
into program memory), or if the card con- 
tains numerical data that must be fed into 
the data registers. The card, if it is a program 
card, will also set the display mode (fixed, 
scientific, or engineering, zero through nine 
places showing), the trigonometry mode 
(degrees, radians or gradians) and the 
calculator's four user flags (on or off). If side 
2 of the card (containing steps 113 through 
224) is fed into the reader first, they will be 
placed in the correct position, just as if side 
1 had been fed in first (containing steps 1 
through 112). When a card like this exists 
(that is to say, a program is recorded with 
more than 112 steps, or more than one side 
of the card), the calculator displays the word 
"Crd" as a prompt to the user that the 
second side of the card is required. 

The same holds true for the data card. 
Side 1 contains the contents of the 16 pri- 
mary registers. If data is also present in the 
secondary ten registers, the user is again 
prompted with “Crd.”’ The contents of these 


registers are contained on the second side of 
the data card. 

A card may also contain data on one side 
and a program on the other. By placing data 
on side 1 and using a clever trick, the user 
can also get "Crd" when reading in one of 
these "half and half" cards. The card reader 
motor is under firmware control and will not 
switch on with a card present in the slot, if a 
program is running. However, the user does 
have the keyboard option of merging pro- 
grams and data, or just feeding in 112 steps 
of program, under software control. Thus, 
with a 112 step card in the slot and a 224 
step program running, all the user need do in 
order to feed in (overlay paging) those next 
112 steps is to call for the keyboard active 
pause, which will cause the card reader to 
turn on and feed in that next card. Without 


any user intervention the HP-97 or HP-67 
can run 336 steps of program automatically. 


The Active Pause 


Another powerful feature of these cal- 
culators is the "active pause” feature. Pause 
gives the user the ability to momentarily 
stop a running program and display the 
answer currently on the screen for one 
second or so. It also unlocks the keyboard 
for user use and accepts any cards fed in at 
this point. 

Normally, pressing any key on an HP pro- 
grammable calculator causes the program to 
halt immediately. This is not the case during 
the pause feature. When pausing, any key, 
including one of the ten user definable label 
keys, can be pressed and that function will 
be carried out. After this the pause will be 


Photo 2: The Hewlett- 
Packard HP-97 program- 
mable desk top calculator 
with printer. (Photo cour- 
tesy Hewlett-Packard Co.) 
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extended an additional second, and the pro- 
gram will then continue. If a user definable 
key is pressed, that program is called as a 
subroutine (three levels of subroutining are 
available on the HP-97 and HP-67), and, if 
that subroutine ends with the “RTN” 
(return) command, program control is 
returned to the original pausing point in the 
main routine. 


Data Entry Flag 


In addition to being a general purpose, 
test clearable flag, the fourth flag (FLG 3) 
is also a data entry flag. When any of the 
digit keys is pressed, flag 3 switches to the 
on state, Thus the program, if so written, 
can sense the input of data, much like test- 
ing the status register on a full blown micro- 
computer, for keyboard input. 

With this flag the user can define the ten 
keys for more than one function. A simple 


Listing 1: Pinball Wizard, a game for the Hewlett-Packard HP-67 and HP-97 
programmable calculators. 


STEP 


* 
p 


EY ENTRY HEY CODE 


RAC 


COMMENTS STEP KEY ENTRY COMMENTS 


16-24 


NOTE: * indi- 
cates the loca- 
tion of a label 
address. 


o 


16-43 


A 
eol-|[m 


16 44 
35 15 


35 11 


35 13 


az - r^ [s rmm 
k5 le KO 1x z " xa 
n - mje 
" EC 


J 
Oto te 
b m 
m 
w 
x 
n" 
-~ 
^ 


— agii | 2245) 


16 23 03 
D V 


LBL f b 
ial | f cur o [16 22 00 | 
HE [psp o | -6300 | 
jer] |as 3: ë oi] 
pe : E ism 7 J as02 | 
—- LBL f e [Ex J — ^ -23 | 

RCL E 36 15 nhac. — Mr  — Fe 
|. la | os] usn f c [16 21 13 | 
[- ]u zd - 3541 [f cur 3 [1e 22 03 | 
[— xxm. 1m352 [nct 3. [ 3&0: | 
[ [soe | 35 15 | [ — [cm fa [22 26 11 | 
[. Lum zc [T -- 24 | Hese 16 51 
fo e| LEL A fF? 3 16 23 03 
= 2 02 |  ]£r:a3 [162303] 

STO * 1 [35-55 01 [ — [em tc [22 16 33 | 
en l e] a7. [ams a e — mE 
= que =J 023] ine sm - 3 las-4S 03 | 
Eoo e ll 05. [ fosei | =63 01 | 
| — [sro - 2 [35-45 02 | [| [sèt O| o o aan] 
[ [reei | 30) | [iat £a | 
Yd PRINT x | ^ -14] [ [GSB fe |23 16 15 | 
[ — *|LB8L f a ]|21 16 11 | [m «p Jt ie 
E LA i 

[— Pee 5: 
[ — [sror | 3546] | — [f iNT | 1634 | 
[ [ruro | 3600] [- [ae [3| 
| 5: T1  —-05] po J- 31]  -4] 
[.— feex [ — -23] | — [txev? | 16-33 | 
| da  ) | 94] || cro fa [22 16 14 | 
L [: |— [| o-na) | —| [t£ x»? | 16-44 | 
[ lem | $34] | — [cog ] 2215] 
[ — | sro + i [35-5501] [| — [f PAUSE | 16 51 | 
[s ^ [| RcL O | 3&5 00 | [Lf xo? | 16-41 | 
| — |f PAUSE | 36 51| i 22 00 

| Jere 3 ] 

CO [ema | 

[cus — | 

[ — [fxe? | 


f PAUSE 16 51 
3 


[] h J 
bas [| 
p ae pq. ee m 
A B q E 

10 (constant]| 50 (constant) DO (constant) seed 
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example is the programming of the formula 
distance=rate x time. Each of three keys can 
accept data input if the third flag is on; if 
the third flag is off, the key just pressed can 
calculate the unknown variable. This feature 
is indispensible when writing games. 


Other Features 


Naturally the user has the ability to 
manually or automatically record data or 
programs on the 1 by 7 cm program cards. 
A write protect feature is available on the 
cards by clipping off the corners. 

The HP-97 comes with its own built in 
thermal printer, and can print out the 
displayed value manually or during a running 
program without halting it. Because of the 
7 level key buffer, a single print command 
will not even slow down the running 
program. Of course, the buffer works in the 
manual mode as well. The HP-97 can also list 
the contents of the 4 level Reverse Polish 
Notation (RPN) stack and give a complete 
program listing with line number, 
mnemonics, and an on and off switchable 
key code as well. There is even a trace mode 
of operation for program debugging or for 
keeping a detailed record of a manual opera- 
tion. A "Normal" position is also available 
to keep a record of all numbers entered dur- 
ing a manual problem along with all the key 
mnemonics, but without the final answer, in 
case the user might want just a keystroke 
record of the steps taken. 

The HP-67 is the pocket version of the 
HP-97. All the functions of the HP-97 are 
duplicated on the HP-67, including the 
print features. When a program with printing 
commands is run on some calculators, the 
commands are skipped over as though they 
were NOP when no printer is available. But 
in the same situation the HP-67 will pause 
for 5 seconds and blink the decimal point 
to show that a print statement is being 
executed. At this point the user can either 
stop the program and hand copy the answer 
displayed or just let the program run, since 
5 seconds is usually enough time to get the 
answer written. 

Although of no use on the HP-67, the 
paper spacing key is provided so that full 
control is possible when a HP-67 program is 
run on an HP-97, 

Both machines come with huge manuals 
containing some of the clearest, most 
detailed documentation in the program- 
mable calculator market. A standard “PAC” 
of blank and prerecorded program cards is 
also provided. These prerecorded cards cover 
dozens of various applications and include 
their own manual of several dozen more 
detailed pages. The latter gives programming 


tips and lists techniques about how certain 
of the prerecorded cards were written. 

As with all of Hewlett-Packard's cal- 
culators, the units run on rechargable 
nickel cadmium batteries, or from AC 
through an adapter that recharges the 
batteries whether the machine is in use or 
not. A carrying case is also standard with 
the machines. 

For all owners who join, an extensive 
users’ library of contributed programs is 
available. A user can send a favorite brain- 
child and get free programs and blank mag- 
netic cards in exchange. Even for those who 
do not write programs the library is of great 
importance, since dozens of widely different 
programming areas are covered. 

HP-65, 67 and 97 owners receive free 
issues of Keynotes, a newsletter edited by 
Henry Horn. Keynotes keeps the user up 
to date about all the changes or corrections 
to the several PACs of preprogrammed 
cards available, as well as listing some 
of the newer programs submitted between 
library catalog updates. 


including dual flipper action, out hole 
bonus, and even an optional tilt feature for 
the wizards among you. It is playable on 
either the HP-67 or 97, but the keystrokes 
and codes shown in the program listing cor- 
respond to those of the HP-97. They can 
all be converted over to the HP-67 by using 
the manual's back pages, which list the 
various keystroke differences between the 
machines for example, the key sequence: 
f (ashift key) followed by FRAC (frac- 
tional truncation), will be converted to g 
frac on the 67. 

As always, a card recorded on the 97 will 
show the corrected codes when read into a 
67, and vice versa. 

This articie by no means explores all the 
intricate and complex programming cap- 
abilities of the HP-67 and HP-97, but | hope 
the reader now has a better idea of the 
sophistication these desk top wonders have 
to offer. 


Listing 1, continued: 


Note: PPC (not affiliated 
with the Hewlett-Packard 
Company) is an indepen- 
dently run users’ group 
started for and by users of 
Hewlett-Packard program- 
mable calculators. it is tha 
lergest calculator club in 
the world, with over 2500 
members worldwide. Tha 
address is: PPC, Richard J 
Nelson, editor, PPC 
Journal, 2541 W Camden 
PI, Santa Ana CA 92704. 


Unsupported Features STEP MEYENTRY — KEY CODE 


As with the HP-65 (and later the Texas 
Instruments’ SR-52), HP-67 and 97 users 
have managed to locate and use quite a 
number of features that Hewlett Packard 
had not originally intended to document. 

Through the efforts of Louis Cargile, a 
member of PPC, an independently run users' 
group, the limited alphanumerics of the 
machines (both can form: r, C, o, d, E), 
have been brought under user control 
along with the ability to view internal 
registers, create moving marquee type dis- 
plays, animation and dozens of other 
ingenious outputs. Even the hexadecimal 
representations for all the internal codes 
have been mapped and printed in PPC 
Journal, the newsletter of PPC. These codes 
include the six unused codes, formally 
unavailable to the user. (The HP-97 and 67 
use 8 bit instructions, but only a total of 
250 different commands, thus leaving six 
unused.) 

One clever program by Cargile is called 
"Ida/Gerald/Ella." Through the use of an 
alphabetic overlay of the keys it allows the 
‘user to spell out mathematical functions and 
commands to the units and carry on a run- 
ning dialogue with them. 
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Example Program 


Of course, the proof of the ability of 
these machines lies in how intricate a 
program can be run on them. | offer a ver- 
sion of a program | wrote, called "Pinball 
Wizard," which duplicates many of the 
features on a standard pinball machine 
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Figure 1: Model pinball 
machine lavout used in the 
game of Pinball Wizard 
(see listings 1 and 2). 


ECLI, 


SPECIAL 


OUT HOLE: Q 
OUT HOLE WITH TILT OPTION: -2 
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Pinball Wizard: 
A Game for the HP-67 and HP-97 


This program duplicates the play of 
standard pinball machines including features 
like out hole bonus points, "Special" for 
higher scoring, two thumper-bumpers, a 
spinner gate, three drop targets for a free 
ball, bonus advance roll’ overs, kick out 
holes, two flippers, and a tilt option for 
putting the ball into play in two out of three 
chances. The program is meant to be left 
running at all times, with all input from the 


ADVANCE 
BONUS 


A A 


I000 ON SPECIAL 


3 


À 
rA 


c A> 
AE am A 
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ADVANCE 
BONUS 


EACH 
50,000 - 1 GAME 


user occuring during the active keyboard 
pause feature of the HP-67 or HP-97. 

There are eight different scoring devices 
on the play field (see figure 1) and each 
device is given an identification number. 
When a score is made on a device, the dis- 
play pauses twice, showing the amount of 
points just made to the left of the decimal 
point, and the device identification number 
to the right of the decimal point. The 
score to the left of the point is added to the 
player's total score, which will be displayed 
at the end of each round of play. The 
various devices are: 


Device #1: Consists of two star roll overs 
(buttons) on the play field which, when hit, 
will add ten points to the player's score and 
switch on the "Special" scoring (which is 
indicated by turning on all the trailing zeroes 
after the device ID number). When this 
occurs, all devices so listed will score ten 
times higher than normal. Hitting device 
#1 repeatedly will alternately switch the 
Special scoring on and off. 


Device #2: Consists of two top roll over 
lanes which score either 100 (or 1000 points 
if Special is lit), and advance the out hale 
bonus by 1000 points. 


Device #3: Consists of two thumper (jet) 
bumpers. Each scores 100 points (or 1000 
when Special is lit] whenever the “ball” 
strikes them. The ball can bounce be- 
tween them up to ten times, so scores 
from 100 to 1000 (1000 to 10,000) can 
be made. 


Device #4: This is a spinner gate that will 
score 50 (or 500 points for Special) each 
time it spins one turn. The gate can spin 
from one to 25 times. 


Device #5: Consists of two kick out holes 
where the ball drops in, scores either 50 
(or 500 points again depending on the state 
of Special), and is kicked back out. 


Device #6: Consists of two bonus advance 
roll over stars and functions in the same 
manner as device number 2. 


Device #7: Consists of three drop targets. 
Each time device 7 is hit, one target drops 
away and the player receives ten points 
added to his score. On the third hit, how- 
ever, the player receives 100 points and is 
credited with a free ball. The targets are 
reset to try again. Special scoring increases 
the point value by ten times. 


Device #8: Consists merely of two slingshot 
kickers giving a score of only ten points, 
whether or not Special is lit. 


A “0” on the display means that the ball 


has rolled past the flippers and through 
the out hole. At this point the player's 
score so far is shown on the display and 
the out hole bonus points accumulated dur- 
ing the game are added onto the player's 
score, 1000 points at a time. The display 
pauses for viewing each time. At the end 
of this scoring, the final total, is flashed 
once more and the display goes back to 
blinking the remaining number of balls 
(if any) in the game. If none remain, the 
final score is flashed. If Special was lit 
when the ball rolled out, the out hole 
bonus is doubled. 

To shoot a ball, the player keys the 
decimal point (.) when the remaining num- 
ber of balls left to play is flashed on the 
display. 

Pressing key "A" adds two games to 
the "credit wheel" and deducts 25¢ from 
the player's cash register (no pun intended). 
The amount of money spent can be viewed 
by pressing key "C" during a pause at 
any time. 

Pressing key “B” deducts a game from 
the credit wheel, and starts a new game. 


Caveats 


If a "—1"' shows on the display, it means 
that the ball has reached the left flipper and 
requires the user to key in a “1” (pressing 
the left flipper button) in one second or the 
ball will roll out. Likewise, if a "—3" is 
displayed, the ball is at the right flipper, and 
requires an immediate input of the digit 
“3” from the user, or again the ball will roll 
out through the out hole. 

When a '"—2"' appears on the display, it 
means the ball will miss both flippers, but 
the user has the option of keying in a "2" 
which effectly will "tilt" the machine, and, 
in two out of three cases, put the ball back 
in play. Be warned, however! If you should 
fail in the tilt attempt (that is, the machine 
has been tilted), you lose all collected bonus 
points and the next ball is immediately 
displayed, without a score review. 

For each 50,000 points made, the player 
is credited with a free game. When a score 
over 50,000 is made, please refrain from 
pressing the “A” key. 

Special note: If, on the first ball, before 
any score is made, you should lose the ball, 
it will be returned to you for reshooting, 
as in most pinball machines. (A failure at 
a tilt will not return the ball, however.) 


Example of Play: 

€ Initialize game by inputting a seed 
number such that O<seed<. For this 
example, let's use 0.1541790869. 

è Pres: RTN R/S Display will flash “0.” 


€ Obtain credit of two games and spend 
one quarter: press A . (A "2" will be 
displayed, confirming a credit of two games.) 
e Start first game: press B . (A "1" is 
displayed to show that there is one game 
remaining. Next, 5 is flashed on the display 
to show that there are five balls left to 


shoot.) 
€ Shoot first ball: press - . See displayed: 
50.5 (50 points on a kick out 
hole) 
10.10000000 (10 points and Special is 
on) 


1000.60000000 (device 6 advances bonus 
and gives player 1000 
points) 

(a tilt option has come 
up) 


Try tilting the machine by inputting a 2 
from the keyboard during the pause 
window. A flashing 4 will be displayed to 
show that there are four balls remaining to 
shoot. The machine was tilted and all 
bonus points were lost. 

You can continue to play out this game 
in the same manner, Good luck.& 


—2.00000000 


PUT 
TA/UNITS 


[sre | INSTRUCTIONS on 


(Nate: Pinball Wizard is re- 
printed with tha permission of 
PPC.) 


Listing 2: User instructions 
for Pinball Wizard. 


OUTPUT 
OATAJUNITS 


number of gamea the player has credit for. 


To start one game (which is deducted from the 
__ Credit register} 


The first number 


remaining games left. The next number flashed 


will be the remaining balls left to shoot. 


To shoot current ball. splayed 


| description on the previous pages. 


When '-l' is displayed, to use the laft flipper 


during a l second pause 'window', input: 


ANET e displavyad “ Ae ne g ippe 
during a 1 second pause 'window', input: 


the machine and chance 
back in play, input: 


If the tilt was successful, the scoring wili 
continue, If the machine 'tilted', the 


remaining number of balls will be flashed 


{if any) or the final score will be flash- 


ed, if the game is over. 
To shoct any remaining balls, 9 
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Ask your dealer, or contact A.S.. We'd like to tell you more. 
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But we didn't stop there. OPUS programs and data are 
directly upward-compatible, all the way up through TEMPOS, 
A.S.I.’s multi-user, multi-tasking operating system. 


OPUS/ONE .......... 
SOS. Lrecoriicusde cda $385.00 


$99.00 


CCI ADMINISTRATIVE SYSTEMS, INC. 
222 Milwaukee, Suite 102 
Denver, CO 80206 (303) 321-2473 


Z-80 Programming Manual (publication 
number MK 78515) 

MOSTEK 

Carrollton TX 75006 

300 pages 

$7.50 


Although much has been published about 
the differences between the Z-80 and the 
8080, the Z-80 Programming Manual is the 
first reference | have found that gives a 
detailed description of all the Z-80 instruc- 
tions. The bulk of the book consists of one 
or two pages of description for each instruc- 
tion. The preface accurately notes that this 
book is for those with some programming 
experience. It wil! not teach you when to 


' use a certain instruction; rather it will con- 


firm exactly what an instruction does. 

When this manual! arrived | was struggling 
to use the block search instruction for the 
first time. The detailed explanation of the 
instruction sequence and a detailed example 
are a far cry from the terse description in 


BASIC is BASIC 


And BASIC does what it should. But if you're ready to step up 
from Beginner's All-purpose Symbolic Instruction Code, look 
at OPUS, the high-level 8080/Z80 language from A.S.I. ... roots 
in BASIC, but designed for business applications. OPUS gives 
you the capabilities you need, like extended precision, string 
handling, and easy formatting. OPUS/TWO takes up where 
OPUS/ONE leaves off, allowing subroutines, overlays, and 
extended disc file management. 


OPUS/TWO .......... 
LEMPOSL. ieri i 


ORDER A MANUAL NOW and we'll apply the price 
loward your software purchase. 


the Z-80 Technical Manual. In contrast, the 
explicitness of MOSTEK's programming 
manual continues to the level of triviality 
required to work at machine level coding. 
One note points out that the instruction 
"EX AF, AF' " does indeed mean exchange 
registers A and F with registers A’ and F’. 
MOSTEK states that this manual is the stan- 
dard for Z-80 assembly language. 

There is no description of hardware 
other than a brief outline of the archi- 
tecture. The printing is only of fair quality 
and the book is not an eye catcher. How- 
ever, for those programming in an isolated 
environment, with no one nearby to quibble 
on fine paints, this book will prove to be a 
useful source. 

lf it is not available at your local com- 
puter store, it should be available from 
your nearest MOSTEK distributor. 


David Clapp 
POB 111 
Wellsvilla PA 173658 


OPUS User's Manual ....... cece eee eee eee ] 
5.0.5. Manual Set (includes OPUS Manual) ..... $20.00 
TEMPOS Manual Set (includes OPUS Manual) .. $20. 


MASTER CHARGE and VISA accepted. 
Add $1.50 per manual (set) for shipping handling in U.S. 
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Motorola 6800 Microprocessor Course 
Technical Training Department 

Mail Stop 56-113 

Motorola Semiconductor 

5005 McDowell Rd 

Phoenix AZ 85003 

$25 (1-9 copies); $20 (more than 10) 


The Motorola 6800 microprocessor course 
is the 3 ring notebook used at the 3 day 
seminars given by Motorola. For those of 
us who don't have $400 to spend on learn- 
ing about the 6800 by attending the seminars, 
this $25 book is a reasonable alternative. 

The first part of the book consists of sec- 
tions on number systems, the 6800 proc- 
essor, programmable and read only memory, 
the 6820 peripheral interface adapter, and 
a discussion of the six addressing modes 
used by the 6800. Following this is a section 
on assembler techniques and sections which 
contain various sample programs. This part 
of the manual, along with the 6800 program- 
ming manual, should get you up to speed 
on 6800 assembly language programming 


if you have background in another assembly 
language. 

The remainder of the manual is con- 
cerned with hardware design. There is a 
section on system configuration followed by 
the data sheets on all the 6800 family 
chips, some other integrated circuits used 
in most systems, and a copy of the M6800 
EXORciser users guide. Also included is 
an M6800 reference card and a pad of 
graph paper. 

Who should buy this book? If you are 
seriously looking at a 6800 system or have 
a system and want to start assembly lan- 
guage work with it, this book contains a 
lot of good information. Also, if you plan to 
do your own hardware design, this book 
would be very helpful. Those people who 
already own a SwTPC system have most of 
this information in the documentation 
package which comes with the system. 


Phil Hughes 
POB 2847 
Olympia WA 985078 


FASTEST KIT INTOWN! 


Circle 156 on inquiry card. 


Just pliers and screwdriver . . . no soldering! 
Now just plug it in and turn it on! 


Ask your Dad to buy one at your local computer store. 
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IS COMING 


The Computer Mart of Massachusetts proudly announ- 
ces the advent of a major new microcomputor system: 
the General from Technical Design Laboratories. 


The General is a complete floppy disk - based system with a bull in 
CRT, keyboard, and plenty of RAM and HOM memory I! comes fully 
assembled, tested and burned in. with all components in a single 
cabinet 


The General is a general purpose programming syslem with 
top-ranking hardware and software...al an allordable price. In fact, il 
has the best price/performance ratio of any disk-based system on the 
market. 


To assure a sleady supply for our customers, the Computer Mart has 
purchased a significant portion of TOL's planned production. However, 
we expect these units to sell very lasi, so place your order early lor 
early delivery, We are making the General available for mai order, and 
have a special Buyer Protection Plan to help guarantee satisfaction lor 
our mail order customers 


PRELIMINARY FEATURES ( PARTIAL LISTING): 


COST: $ 3500 tapprox.! 


SPECIAL INTRODUCTORY OFFER: $% off o: pre-paid 


orders placed belore August 15, 1978 
DELIVERY: First units August 1, 1978 


HARDWARE: 

* 4MHz 2-B0A CPU 

* 32K RAM memory 

* BOx25 upper/lower case video with high resolution graphics 

* 12" built in high resolution video monitor 

* one floppy disk - capacity 350,000 bytes (2nd disk optional] 

* one serial port, two parallel ports 

* high guality keyboard with cursor controls, numeric pad and function 
keys 


SOFTWARE: 


* TDL's new disk BASIC with extensive data file nandling 
* TDUs new WORD PROCESSOR with full screen editing 
* Oplional : assembler, editor, debugger etc 


PERIPHERAL SUPPORT: 


* low cost dot matrix printer 
* X,Y Plotter 
* Diablo Hytype Il printer 


FOR MORE DETAILS: on the General, the special introductory oler, 
and our Buyer Protection Plan, contact: 


Computer Mart of Massachusetts 
1097 Lexington St., Waltham Mass., 02154 
(617) 899-4540 


"We carry the largest! selection of microcomputer systems of any 
computer retailer in New England." 


Circle 72 on inquiry card. 


tables and reverse Polish operand notation 
for use on his personal computers. What sur- 
prised me to no end, though, was when | 
heard from him words to the effect that, 
"With this language we've developed no one 
would really ever need more than 16 K bytes 
of memory." 

It sounded vaguely familiar, as if the engi- 
neer’s statement had merely been updated 
by a hexadecimal order of magnitude. (Of 
course the particular system involved did use 
a floppy disk secondary storage medium, so 
the memory limit of 16 K obviously applied 
only to resident capacity.) 

Reflecting on both of these incidents, it 
is obvious that memory as a resource has be- 
come quite inexpensive yet people do not 
fully realize quite how inexpensive it has 
really become. Both points of view are in a 
sense equally valid, but based upon an eco- 
nomic impression formed when memory 
was dear and had to be economized much 
more than is currently the case. 

Ten years ago people were still seriously 
talking about the expense of semiconductor 
memory relative to the existing core mem- 
ory technology. Would semiconductor mem- 
ory really catch on? Could it be made for 
the same price of core? Core memory, as a 
technology, has in many respects gone the 
way of the buggy whips in the automobile 
era. Except for the limited contexts in which 
its nonvolatility is useful, | would be sur- 
prised to find any engineer seriously con- 
sidering it for a new design in view of the 
cost savings to be attained by using semicon- 
ductor memory parts. Semiconductor mem- 
ory is basically a mass production item by 
comparison with core. The number of 
delicate manual operations required is inde- 
pendent of the number of bits for the most 
part, depending only on the number of pins 
in the package; for core memory, virtually 
every bit required a manual operation of 
some form during assembly by stringing 
cores on wires in a complicated braided 
pattern. The mass production of memory 
using silicon technology has changed the 
whole attitude which is appropriate toward 
memory as a system resource. 

In short the era of memory riches is now 
upon us. All it takes now to add 16 K bytes 
of dynamic memory to a system is eight 
integrated circuits at a price of about $50 
per circuit in small quantities, and in another 
year the prices will be even lower as the 
parts progress further on the "earning 


curve" of semiconductor manufacturers. We 
find the single board microcomputer of con- 
temporary ''state of the art" design supplies 
enough sockets (both for read only and for 
volatile memory) to completely fill address 
space in a typical 8 bit microprocessor's 
design. And the trend toward lower cost will 
continue, of course, as the technology of the 
64 K bit memory chip approaches market- 
ability. 

Reflecting this change in costs, the newer 
microprocessor designs are taking into ac- 
count the need for additional memory ad- 
dress space so that more memory than 64 K 
bytes can be employed. The second genera- 
tion 6800, 6502, 8080 and Z-80 machines 
are proving easy to saturate now that per- 
sonal computers are using these processors as 
general purpose machines. As a result of this 
saturation, we find, for example, that the 
new Intel 8086 design is capable of address- 
ing 20 bits worth of memory address space 
(more than one million bytes). As was 
strongly hinted at a recent IEEE Compcon 
session on microprocessor architecture, the 


new Zilog Z8000 may have some 23 bits 
worth of address space in its radical new 
design, allowing some eight million bytes of 
memory if one cares to implement it. 

By this time, three years from now, | can 
almost expect the $50 memory chip to have 
64 K bits capacity. The personal computer 
of 1981 and 1982 will have one processor, 
one video display and keyboard interface 
chip, one floppy disk controller chip, eight 
64 K memory chips, and one read only 
memory chip with a kernel of systems soft- 
ware including a P-code interpreter. Based 
on information from various manufacturers, 
we can expect this dual minifloppy disk sys- 
tem with 64 K memory still to retail at 
around $2000 continuing the deflationary 
growth of the personal computer field. With 
a total of only about 12 integrated circuits, 
the electronics will certainly be simple 
enough. And returning to the theme which 
started this commentary, if you have 64 K 
available, | guarantee that as a user your 
programs and data will expand to fill the 
available memory.m 


THE MICRO THAT DWARFS 


THE COMPETITION 


PASCAL 


Here ot lost is 
your chance to see 


and operate a full 
PASCAL compiler/ 

interpreter working 
with an 8085 CPU. 


* Full language 
implementation 


e Fast compiler (750 lpm) 
e Powerful debugging tools 
THE PROGRAMMERS WORKBENCH!!! 


Circle 286 on inquiry card. 


NORTHWEST 
MICROCOMPUTER 


SYSTEMS 


Main Office 


424 EAST ELEVENTH AVE. 
EUGENE, OREGON 97401 
PHONE (503) 485-0626 


See us at the 
Personal Computing 
Festival at N.C.C. in Anaheim! 


8085 + PASCAL 
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Fun and Games 
£rom BITS 


101 BASIC Computer Games by 
David Ahi. A treasure store of games and 
simulations, 101 all written in BASIC. It 
contains both a complete listing and a 
sample run, along with a descriptive 
write-up. 256 pages, $7.50. 


WHAT TO DO 
AFTER YOU HIT 
RETURN 


or 


P.C.C. s First Book of 


What to Do After You Hit Return 
or PCC's First Book of Computer 
Games. This is PCC's first book of 
computer games, a compendium which 
includes descriptions of numerous 
games, and listings of 37 selected BASIC 
games. New second edition, $8. 


BITS Ine 
70 Main St 
Peterborough NH 03458 


For ease in ordering, please use the 
coupon on page 96, writing in the names 
of the books you want. Dial your bank 
card orders on the BITS toll free hot 
line: 1-800-258-5477 


Please note that processing may exceed 
30 days in unusual cases. 


An APL Interpreter: Further Thoughts 


Here is a possible solution to the problem 
of resolving monadic, dyadic, and reduction 
operation references in Mike Wimble's article 
“An APL Interpreter For Microcomputers, 
Part 1," August 1977 BYTE, page 62. The 
subroutine MONREF has been added to 
perform context checking for operator 
references. MONREF returns its third call 
parameter = Q for dyadic contexts and = 1 
for monadic contexts. 

Since most reductions are monadic, the 
logic enclosed requires reductions to occur 
in a monadic context. However, ceiling, 
floor, and log reductions could be meaning- 
ful (and legal) in a dyadic context. They can 
be implemented simply by checking for 
appropriate tokens at the point marked 
ERROR Z in the figure. 


Tom Brightman 
Texas Instrumants 
504 Totten Pond Rd 
Waltham MA 02154 


LOOKUP 


(sts), 
MOPTAB, Z) 


LOOKUP 


(Stu}, 
REOTAB, Z} 


DOPCHK ERROR Y 


INVALID 
REDUCTION 
OPERATOR 


ERROR Z 


DYADIC 
REDUCTION 
REFERENCE 


SPITI). Paz 
Ie- +i 
da=) | 


122 jum 1978 BY TE Publications inc. Circle 35 on inquiry card. 


DOPCHK 


(Si), 
COPTAB, Z) 


CARRET 


(S(J}, 
CHARTAB, Z) 


ERROR 4 


SP(1). C*6 
SP PsZ 


SP(1),. C- 7 
SP(1I), Pe- S(J) 


MONADIC REF 
TO DYAD!C OP. 


(SW-0), 
SPECTAB, K} 


RETURN 


now 
SOR 
with 


CP/M* 


IN CUSTOMER USE FOR 
OVER ONE YEAR 


Full file sort for variable length records, 
arbitrary length key(s). Ascending or 
descending order. 


Single-key $95 
$145 


Multi-key 


Runs on 16K or larger system. Uses all 
available memory. 


FILE INDEX 


Produce cross-index of file names 
sorted alphabetically across a// diskettes 


in a collection. 
$45 


To order or for more information, write 


Rothenbe 


INFORMATION SYSTEMS, INC. 


260 Sheridan Avenue 
Palo Alto, CA 94306 
(415) 324-8850 


Please provide your CP/M Serial # 
California purchasers add Sales Tax 
Pre-paid only. Immediate delivery. 


Dealer inquiries invited 


"CP/M is a trademark of Digital Research 
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SOFTWARE EXCHANGE 


SOLICITING: 


User prepared software in RS Basic Level I or II 
READY to LOAD. 

Topics-Any that you feel would be of interest to 
others. 


COMPENSATION: 


in descending order of preference, und generosity 
and ascending order of quality standards applied 
services, or comissions, or cash. 


APPLICATIONS: 


Accepted programs are catalogued and grouped in 
logical categories into volumes (60 minute tapes) for 
loan. 


MECHANIC OF SERVICE: 


: Volumes will be LENT for 3 week periods (including 
time in the mails). 

Deposit $20 for each volume borrowed. Deposit re- 
funded, less any late charges when cassette is re- 
turned, 

Usage Fee of $3 (not refunded) for each volume 
borrowed. 

Sample catalog of software upon request. 
Catalog subscription $3 per year. 


write: TRS-80 SOFTWARE EXCHANGE 
17 Briar Cliff Drive 
Milford, N. H. 03055 


The KIM to S-100 bus 
Interface/Motherboard 


* Combines the power of the 6502 with the flexibility of 
the $-100 bus 

* Attaches to any unmodified KIM 

* Complete interface logic and fully buffered motherboard 
in one unit 

* On-beard regulation of power for KIM 

» Fight slots of S-100 compatibility for additional RAM, 
Video and I/O boards, PROM Programmers, Speech 
processors... 

® Includes all parts, sockets for ICs, one 100 pin connecter, 
and full Assembly/Operating documentation 


* Kit $125, Assembled $165 
* All units shipped from stock 


FORETHOUGHT PRODUCTS 


P.O. Box 386-F 
Gu) Coburg, OR 97401 mca 


Circle 140 on inquiry card. 


The Importance 


of Choice of Languages 


| R MacCallum, Senior Lecturer 
Dept of Computer Science 
University of Essex 

Wivenhoe Park 

Colchester C04 3SQ ENGLAND 


It is good to see that structured program- 
ming is permeating the field of personal 
computing. However, David Higgins 
(October 1977 BYTE, page 147) should 
really know better than to reduce Dijkstra’s 
contribution to the art of programming to 
a statement that "(he) simply observed that 
the more GOTOs that were in a program, the 
less likely it was to run correctly." 

| doubt whether the great man himself 
ever uttered such words. What he did say, in 
a celebrated letter to the editor of the 
Communications of the ACM (March 1969) 
was that “For a number of years | have 
been familiar with the observation that the 
quality of programmers is a decreasing 
function of the density of GOTO statements 
in the programs they produce." Please note, 
Mr Higgins, that with 11 GOTOs in your 
Bug Program, Dijkstra's remarks cast doubt, 
not upon the quality of your program, but 
upon you! There have been reams of corres- 
pondence around the world on the vexed 
question of GOTOs, most of which, | 
believe, was settled by Donald Knuth in 
his constructive article in the December 
1974 edition of ACM Computing Surveys, 
entitled, "Structured Programming with 
GOTO Statements.” 

To leave the matter there would ignore 
Dijkstra's principal contribution to the art 
of programming. In 1972 in a paper which 
forms part of the book Structured Pro- 
gramming (Academic Press), he discusses 
at great length, and with deep insight, the 
methods of top down step-wise program 
construction. Ihe principals which he 
described, and the set of primitive control 
functions which he advocated have had a 
profound influence on modern high level 
programming languages. What Warnier and 
Orr have done is simply to offer a notation 
for writing down the top down step-wise 
construction of a program. This notation 
is not unique. Michael Jackson's approach 
is similar, but his diagrams are rotated 
through 90 *. 

Finally, | believe your readers should 
be warned concerning the choice of lan- 
guage. David Higgins suggests that it does 


not matter. It does. He ought to be the first 
to admit that his Bug Program would have 
looked far better in ALGOL or PL/I, 
where the use of compound statements 
would have removed the necessity for his 
GOTOs, and would have resulted in a pro- 
gram rather closer to the Warnier-Orr 
diagram. When personal computers are 
offered with a richer selection of languages, 
the "structured" programmer would do well 
to select his or her language with due care. 


Toward a Common 
Pseudocode 

for Expression 

of Programs 


Richard Wingerter 
1780 Westwood Av 
Alliance OH 44601 


| have been reading with interest the 
“flurry” of articles and correspondence con- 
cerning languages for small computers. | 
would like to pass on to readers some hints 
which I’ve picked up from literature that 
might be helpful in choosing a language, 
designing a language, or even using a language. 

A large amount of work has been done in 
computer language design. One of the results 
of this work is the Revised Report on the 
Algorithmic Language ALGOL 68 (A van 
Wijngaarden et al, Springer Verlag, New 
York, 1976). While we don't, of course, 
need to adopt all of their conclusions, ie: 
ALGOL 68, we might wish to consider 
several criteria they enumerate, especially 
if we design a language from scratch (as 
Glen Taylor suggested in November 1977 
BYTE). They accepted the following aims: 


1. Completeness and clarity of descrip- 
tion 

. Orthogonal design 

. Security 

. Efficiency 

. Static mode checking 

. Mode independent parsing 

. Independent compilation 

. Loop optimization 

. Representations made possible in a 
minimal character set 


© 00 - OV U^ BW DO 


In other words, a computer language 
should be simple and clear (1). It should be 


Circle 73 on inquiry card. 


We speak your 
language 


And we're giving you what you want. 

* a comprehensive product line. Hardware, assembled or 
kits, and software from major manufacturers. Plus books and 
current literature. Financing available. 

e a trained, enthusiastic staff. We'll help you choose or 
design the system that's right for you. No high pressure here. 
e service when you need It. We won't sell you something 
we can't keep running. 


* a brand new facility 
in Pennsylvania. 

We'll be able to 

serve our South Jersey- 
Pennsylvania customers 
more efficiently now. 

e a bigger, better New 
Jersey store. We've 
enlarged our showroom 
in Iselin. Now there are 
more displays you can 
try out. There's more 

=" roomto stock the 
products you need. 


The Microcomputer People.“ 


Computer Mart of New Jersey 
Computer Mart of Pennsylvania 
New Jersey Store Pennsylvania Store 

501 Route 27 550 DeKalb Pike 

Iselin. NJ 08830 King of Prussia, PA 19406 
201-283-0600 215-265-2580 

Tue Sat. 10:00-6:00 Tue.-Thur. 11:00-9:00 


Tue & Thur. til 9:00 Fri. & Sat. 10:00-6:00 
(our only tocations) 


INTRODUCING OUR 
MODEM AND TERMINAL 
INTERFACE 

POCKET ANALYZER. 


IDS MODEL 60 


Our new Model 60 packs in 
: the most testing capabilities 
per dollar cost. Pinpoints the source of trouble be- 
tween the MODEM and TERMINAL. Provides access 
to all 25 lines of the EIA RS 232 interface. Has 12 
monitoring LED's plus two voltage-sensing LED's. 24 
miniature switches allow isolated testing and observa- 
tion of all signals. Mini-jumpers included for 
crosspatching and signal monitoring. Sturdy 10 oz. 


unit has hard plastic "T INTERNATIONAL 
| jena 


case, and is battery 
powered. Immediate SCIENCES, INC. 


delivery. ADVANCED TECHNIQUES IN DATA COMMUNICATIONS 
100 Nashua St.. Prov., R.I. 02904. Tel. (401) 274-5100. TWX 710-381-0285 
EXPORT: EMEC, BOX 1285, HALLANDALE, FLORIDA 33009 
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LSI-11 TIME 


[t's TIME you brought your LSI-11 up to DATE. TIME and 
DATE, two important parameters in the computer world, are 
available to your LSI-11 on one DUAL SIZE BOARD. When 
requested, the TCU-50D will present you with the date (month 
and day), time (hour and minutes), and seconds. Turn your 
computer off and forget about the time — your battery sup- 
ported TCU-50D won't, not for 3 months anyway. The correct 
date and time will be there when you power up. 


The TCU-50D is shipped preset to your local time, but can be set 
to any time you want by a simple software routine. 


AT $295 
YOU CAN'T AFFORD TO IGNORE TIME 


Time is only one way we can help you upgrade your LSI-11 or 
PDP-11 system. We'd also like to tell you about the others. So 
contact Digital Pathways if you're into -11's. We are too. 


c) DIGITAL PATHWAYS INC. 


4151 Middlefield Road * Palo Alto, 
California $4306 - Telephone (415) 493-5544 


9.E.I. COMPUTER 


Cx commodore * MOS 6502 Microprocessor Controlled 

* Integrated CRT, ASCII Keyboard/Cassette 

9S Full 8K Extended BASIC in ROM 

* 8k (Standard) to 32K RAM Expansion 

€ Peripherals (Printer/Floppy) Available-Summer 

9 Can be interfaced with S-100 BUS Devices 

@Utilizes IEEE-488 BUS för intelligent control 
of Periphera! Devices 

@64 Built-in Graphics Char tor Games/Charts 

P IC t @ Full File Control under Operating System 
ersona! Computer eTOO MANY OTHER FEATURES TO LIST! 


"$7$$ 


8K RAM 


FOR ADDITIONAL INFO CALL 
AND REQUEST OUR PET INFOR- 
MATION PACKAGE! 


NEECO HAS A LARGE, EVER EXPANDING LIBRARY OF PRO- 
GRAMS FOR THE PET. CALL AND REQUEST OUR PET 
LIBRARY LISTINGSeSOFTWAHRE AUTHORSeNEECO OFFERS 
25% ROYALTIES FOR ACCEPTABLE PET PROGRAMS!!1e 


-1 


"Computer on a Board” — Instant Delivery 


96502 Microprocessor Controlled 

$13 Addressing Modes, Multiple Interrupts 

€ 65K Bytes Address Range 

@2.MCS 6530 with 1024 Bytes ROM each, 64 
Bytes RAM, 15 1/O Pins, timer. Monitor and 
Operating Programs are in ROM. 

V TTY and Cassette Interface 6 23 Key Pad and 
6 Character LED display 9 15 Bi-Directiongl 
TTL lines. MUCH MORE! "Attach a powar 
supply and enter tha world of Microcomputers 
and the futura” (x commodora 


MOST MAJOR BRANDS OF CALCULATORS TOO! 


KEW ENGLAND ELECTRONICS CO “Aulhonzed PET Sales & Sarvicg" 


“Guaranteed Delivery" 


248 Bridge Street AreaCode (413) — schedutes for all of our 
Springfield, Mass. 739-9626 PET Customers. cei 


for our PET Package. 
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built on the smallest number of primitive 
concepts that can assure a powerful and 
expressive language, and those concepts 
should not overlap or cause "side effects" 
when combined (2). Syntactical and logic 
errors should be easy to find and should 
not propagate through the program (3). 
The compilation should not result in a 
kludge, nor should the compilation take too 
long (4). As much as possible, the data 
"types" should allow checking during 
compilation (5), and they should not be 
treated differently in similar constructs (6), 
ie: one ought not to have "Number 1 := 
Number 2” for integral values, but rather, 
"Move String 1 to String 2'' for strings in 
the same language. Furthermore, the language 
should allow procedures (routines) to be 
compiled separately (7). The syntax should 
allow optimization of loops (8) and should 
allow for language to operate with a minimal 
character set (9), such as 64 character 
ASCII. 

To these | might add that the syntax 
should suggest logical possibilities so that the 
programmer is not apt to forget to include 
things. To this end, the “/f...then... 
[else] ... fi" format is better than thelimited 
“IF condition THEN statement” form, 
because in using the former, the programmer 
is reminded to think about the "else" possi- 
bility, which he might otherwise overlook, 
In other words, the language should support 
the programmer's thinking. / Here the token 
"fi" is used as an "end-if'" marker... CH.] 

It might seem, by now, that we should 
pitch all of our current languages, and 
possibly give up in despair. But | don t believe 
we will. Most of us are saddled with ‘‘out- 
dated" languages with no real hope of ever 
getting away from them. However, it may be 
possible to have the best of both worlds. 

The great boon in using a good” compu- 
ter language is that it permits us to think 
easily. Since we are using, say, BASIC to 
program our computers, we tend to fall out 
of the habit of thinking in English and into 
the habit of thinking in BASIC. But BASIC 
is not necessarily a good language to think in. 
It lacks good control structures and good 
data structures. One cannot easily express 
complex ideas with it. And yet, | must pro- 
gram in it and many other users probably 
do, too, 

Actually, | don't program in it; | program 
"into" it from another language, one which 
is convenient to think in. And | believe 
that if we would think and communicate 
in a language or group of languages which 
are easy to think in, and program in what- 
ever language was available, we could avoid 
being limited by our computer languages. 


This would have many advantages. The 
basic ones would be that we could apply 
the latest techniques to our communication 
language much more easily than to imple- 
mented languages, and that we wouldn't 
need to develop any new language at all. 
We'd need only choose the language(s) we 
wish to use for thinking and communicating, 
and request that routines submitted for 
publication be in one of them. Or we could 
set criteria for the communication language 
and ask that submitted routines be translated 
into some language that meets the criteria. 

There would be one disadvantage to this 
method that | can foresee: it may be slower 
to work out and code a routine this way. 
Effectively, we would have to hand translate 
each procedure into whatever language we 
have implemented. But | should point out 
that some of this disadvantage would be 
mitigated by the gains due to faster design, 
less debugging, and easier communication of 
routines, My experience is that it may be 
worth the trouble, but this is no guarantee 
that everyone would find it so. | might note 
that "into" programming is recommended 
in its own right by Roy F Keller in “On 
Control Constructs for Constructing Pro- 
grams" (SIGPLAN Notices, ACM Special 
Interest Group on Programming Languages, 
volume 12, #9, September 1977, pages 36 
to 44), so | am not alone. 

| hope that some readers might consider 
this approach, as it might be very helpful. 
Expecting people to throw away their 
BASIC, FORTRAN, or what have you, 
not really practical, as we know from the 
experience of those with larger computers. 
But expecting them to communicate in a 
common language especially suited for that 
purpose is reasonable.& 


Languages Forum is a 
feature which is Intended as an 
interactive dialog about the 
design and implementation of 
languages for personal com- 
puting. Statements and 
opinions submitted to this 
forum can be on any subject 
relevant to its purpose of 
fostering discussion and com- 
munication among BYTE 
readers on the subject of lan- 
guages. We ask that all corres- 
pondents supply their full 
names and addresses to be 
printed with their commen- 
taries. We also ask that corres- 
pondents supply their tele- 
phone numbers, which will be 
printed unless we are expli- 
citly asked to omit them. 
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the most powerful 3D software yet 
for your 8080 and Z80. 


ə 10 projection modes, 500 lines/second 

e Interfaces to any S100 display device 

e Uses 8K memory 

e Only $30 for Tarbell tape and documentation. 
(MATROX interface program included.) 


Write to us for more details and a complete catalog of 8080, Z80, 6800, 
and BASIC graphic systems. 


n re,c e 


Culver City, CA 90230 


Zo — EN å ee ee ee 
16K RAM 
FULLY STATIC | 
INTRODUCTORY ii 
$450 KIT PRICE 


10 SLOT MAINFRAME $ 
TT-10.. KIT $325 
10 SLOT TABLE TOP |] 
MICROCOMPUTERS 
TT-8080. . .KIT $440 | 
SYSTEM WITH 16K & 1/0 
TT-8080-S. . KIT $1050 B 


CARD CAGE & 
MOTHER BOARD 
ECT-100. ..KIT $100 
CCMB-10.. KIT $75 


WITH CONNECTORS 
& GUIDES 
ECT-100-F. . .KIT $200 


CCMB-10-F. . .KiT $125 


CPU'S, MEMORY 
MOTHER BOARDS 
PROTOTYPING BOARDS 
EXTENDER CARDS 
POWER SUPPLIES 


DEALER INOUIRIES INVITED 


ELECTRONIC CONTAGL TECHNOLOGY 


FACTORY ADDRESS: MAILING ADDRESS: | 
763 RAMSEY AVENUE P.O. BOX & 
HILLSIDE. N. J. 07205 UNION, N. J. 07083 


SHIPPING EXTRA y 


(201) 686-8080 
uu LLLI]. 
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FORTRAN IV 
THE MOST EXTENSIVE FORTRAN 
SYSTEM AVAILABLE, RUNNING ON THE Z-80 


* ANSI Standard Fortran IV Compiler 
— Byte, Word, Raal, Double, Complex, and 
String data types and operations. 
— Produces efficiant and compact code. 
— Compiles up to 600 stataments par minute. 
— Expressions in Do loops, output fists, atc. 


* Linking Loader 
— Merges, links, and locates Fortran and As- 
sembler modules. 
— Searches libraries for needed modules. 


* Runtime Libraries 
— ANSI standard formatter. 
— Al standard mathematical functions. 
— Sequential, Random and Blocked disk 1/O. 
— Supports CP/M. and user-defined davicas. 


AVAILABLE NOW!! $349 
OEM Inquiries invited. 


small FYFt@MAS services: we 
P.O, Box 2400 Stn. A Champaign, Illinois 61820 


CP/M is a Trademark of Digital Research Group. 


COMPUTE YOUR 
SAVINGS 


SOLID STATE MUSIC MB- 7 16K static RAM memory 

board, kit — list: 5449 

MEE OUR CASH PRICE: $ 375 
TDL 16K static RAM memory board, assembied 

and tested — list $699 

MED OUR CASH PRICE: $ 399 
TDL 32K dynamic RAM memory board, assembled 

and tested — list: $869 

MEME OUR CASH PRICE: $ 699 


TOP OF THE LINE COMPUTER 


TDL XITAN ALPHA 4, factory assembled and tested 
incl. ZB8OA CPU, 16K static RAM, system 
monitor board (SMB-II), video display board 
29x80 [VDB], Interface |, and full Software Package 
"A" on cassettes featuring 12K BASIC — list: $2149 
aaa CASH PRICE: $ 1649 


Quantities limited. Shipping and insurance extra. Prices quoted 
based upon cash purchases. 


BUS ....... g—-iðOD. inc. 


ADDRESS ...... 7 WHITE PLACE 
CLARK, NJ 07066 
INTERFACE...... 201-382-1318 
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Technical 


Forum 


Big Disks 
Must Be Managed 


Properly 


Charlas A Rovira 

2250 Grand Blvd #21 
Montreal Quebec H4B 2W9 
CANADA 


As a data processing professional, | view 
the announcement of the new 10 to 100 
megabyte disk drive memory sub-systems 
(Electronics, January 19 1978, volume 5, 
number 2, page 33) with mixed feelings. 

This development will at last put true 
workable mass storage within the reach of 
countless users who could not otherwise 
avail themselves of this much needed capa- 
city. The believably low $2000 price tag 
generates an enormous market potential. 
These new drives may cause an even larger 
revolution in data processing than the 
introduction of microprocessors; a revo- 
lution for the industry, by the elimination 
of high price tags and relief of software 
headaches caused by too much data and too 
little storage. Of course, the users benefit 
as a whole slew of new applications and 
data management tools present themselves 
at an affordable price. 

A computer system that is easy to sell 
and easy to program is a software house's 
or original equipment manufacturer's dream. 
There is however a danger that this dream 
will turn a nightmare. My concern is based 
on two major points. 

First are the limitations inherent in a 
fixed disk system. When a disk fails (as all 


do at some point, either through hardware 
fatigue or software and operator errors) 
there arises a problem of data recuperation. 
In removable disk systems, external backups 
can be made and remounted. Data loss 
is limited to entries made since the backup's 
creation. Start-up time is the time it takes to 
get the disk back on the drive and running. 
A fixed disk system calls for backup onto an 
external device, which can be a very slow 
process, or by 100 percent redundancy 
(namely, buying two drives and using one 
for backup purposes). 

Due to the impracticality of copying 
ten to 100 megabytes of data on diskette 
or cassette, the only practical solution ts 
redundancy. The problem is that the low 
cost of these drives will open whole new 
markets of unsophisticated users who will 
not see the need for buying two drives 
until they call to cancel orders or sue 
because they have lost valuable data. No- 
body needs this kind of aggravation. In 
order to protect both the users and the 
industry, | think such drives should be 
designed with at least a backup surface for 
data recovery. 

Second, a 100 megabyte drive is a 100 
megabyte drive and the software must be 
treated as such. Inadequate disk manage- 
ment systems are inexcusable, since the 
necessary Software tools already exist. These 
devices will have to be provided with the 
proper routines (ie: dynamic disk allocation, 
catalogs and catalog path file allocation, 
binary files, spool and random access files, 
hash/sequential and  multikey indexed/ 
sequential files (with keys in separate files) 
record oriented IO and cylindrical allo- 
cations in multisurface systems). 

The most sensible solution is to take the 
standard routines and some diagnostic 
routines, put them in read only memory 
with a dedicated microprocessor (thereby 
making the device intelligent) and to offer 
the controllers with serial, parallel and DMA 
interfaces for the major bus configurations 
(that includes the Altair (S-100) bus). Even 
if these steps triple the price of the drive, 
they will still result in a vast improvement 
over present prices. These steps also will 
ensure the smooth and painless creation 
of new and lucrative markets as well as 
rapid acceptance by existing markets. 

| hope the manufacturers will act on my 
recommendations as | write this not as 
criticism, but merely with a critical eye. The 
only problems which don't occur are the 
ones that are foreseen and prevented. = 


Circie 291 on inquiry card. 


Circle 405 on inquiry card. 


PRAMMER III 
by xybek 


The Ultimate EPROM Memory Board 
For Your S100-Bus Computer 
* Accommodates from 1k to 30k of the above EPROMS in 


any combination, each addressable on any 1k (2k for 
2716) boundary within the board's 32k address space 


1k of scratch-pad RAM 

On-board programming for all three EPROM types. 
Tri-state buffers on all address and data lines. 

Empty EPROM sockets do not require address space. 
Assembled, tested, ready to run — only $369.50 


xybek » ».0.80x4925 e Stanford, CA 94305 
Telephone: (408) 296-8188 


8K STATIC RAM 
DIGITAL IL ASSEMBLED 


RELIABILITY — oil me, 5 
DEPENDABILITY 


À DDRESSI NG TWD INDEPENDENT 4A BLOCK. SELECTED 
BY PLUGCABLE JUMPERE AT BOAFD EDGE 

ON BOAHD SWITCH WRITE PROTECTSAUNPROTECTS ALL BK 

OH EACH AR BLOCK CAN BE PROTECTED VIA FERONT PANEL 


BUFFERING ALL 5-100 BJS LINE S APE FH.LY BUFFERED 
ONE LS-TTL LOAD PER LINE 
LO W P OW E R PLD? RAMS THX BRAS TYPACALLY HEQUIRES 15 AMES 
AT A VOLTS- 34 ON-BOARD b VOLT REGULATORS 


WAIT STATES 0, 1, OR 2 WAIT STATES MAY HE SELECTED 
VIA A PLUGGADU f. SIMPLER 


J A L | TY THE BOARDS GLASS EPOXY VATH SILK SCREEN LEGEND 
1 ULL SCA DER MASKS ON BUTS SIDES. FLOW SOLDERING, GOLD CONTACTS 


ü UJ A R A N T FE I NOT SATIGFIED RETURN THE UNDAMAGED BARS WITHIN 
SO DANS POA HAI REFUND -ALSO 90 DAY LASTED WARRANTY 
D EL | V E RY STOCK TO X) DAYS - CALL BETWEEN 5 30 ANG ROO TC RESERVE 
VOUT BANS GATOR MORE INFOOSIATION 


P H A N 10 M MEMDCHY DAARLE 15 IMA ETAENTED VIA PHÓsANTOM (PM 67; 


COMPLETE TESTING NOT CH, Y OF ALL MEMORY CELLS BUT ALSO. 
OF ALL 24) 5T CHUCUITÉE AND CATIONS 


SP C À IMTRODUCTORY 450 ns 250 ns 
PRICE 
ECIAL 2255ecco/resteo $14995 — $18995 
CALIFORNIA RESIDENTS ADD 6^ TAX 


(714) 992-5540 ofa 
2555 E CHAPMAN AVE 


SUITE 604 
FULLERTON, CA 92631 DIGITAL 7 IL 
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THE PROM SETTER 


€ WRITE and READ EPROMs 1702A, 2704/2708 


® Can be arranged to do 1702A, 2716TI or 2708, 2716TI 
and with a few additional parts 2716INTEL, 5204, 6834 


e Plugs directly into your ALTAIR/IMSAI Computer 
€ No External Supplies. Your Computer does it ALL 


KIT - $210 
ASSEMBLED - $375 


RAM 
Nrom 
€ Operates in S-100 BUS 


€ 16 EPROM" sockets with own address select and up to 4 
waite states 


€ Can be wired for any EPROM (in 8/16 unit operation) 
1702A, 2704, 2708, 2716INTEL, 2716T1, 5204, 6834 


@ IK RAM independently address, takes precedence over 
ROM 


® POWER ON JUMP & RUN (Computer With/Without 
Front Panels) 
*EPROMs not included 


KIT - $117 
ASSEMBLED - $168 


Deliveny Less Than 60 Days 


SZERLIP ENTERPRISES 
1414 W. 259th St. — Harbor City, California 90710 


California residents please add 6% sales tex 


NORTH STAR BASIC PROGRAMS 


HUNDREDS SOLD, EACH SYSTEM COMPLETE ON 
DISKETTE READY TO RUN. WORD PROCESSING, 
NORTH STAR TUTORIAL I, NORTH STAR TUTORIAL 
Il (TEACHES NORTH, STAR BASIC), ACCOUNTS PAY- 
ABLE, ACCOUNTS RECEIVABLE, PAYROLL, GENER- 
AL LEDGER, MEDICAL-PROFESSIONAL, BILLING, 
SALES WITH SALES ANALYSIS AND GROSS PROFIT, 
INVENTORY, HISTOGRAM GENERATOR. $35.00 each. 


SOFTWARE LOCATER (LOCATE, INDEX-FREE SOFT- 
WARE), CHECKBOOK BALANCING, BOWLING-GOLF 
HANDICAPPER, COIN COLLECTION INVENTORY, IM- 
PORTANT DOCUMENT LOCATER, BUDGET PLAN- 
NER, GAME DISK. $25.00 each. 


IQ TESTER, COMPUTER MEMORY DIAGNOSTIC PER- 
SONAL FINANCE, BUSINESS FINANCE, BIORHYTHM 
GENERATOR, DIET PLANNER, CRYPTOGRAPHIC EN- 
CODER, MATH TUTOR. $15.00 each. 


EQUIPMENT REQUIRED, SINGLE DRIVE, 8K FREE 
MEMORY, PRINTER OPTIONAL. 


TRS-80 LEVEL Il (ON CASSETTE) STOCK MARKET ANALY- 
515, GRAPHICS, TREND LINE ANALYSIS. $15.00. 


BLANK DISKETTES $3.80 (UNDER TEN ORDERED, ADD $2.00 
FOR SHIPPING; OVER TEN SHIPPED POSTPAID). 


SOFTWARE 


DEPT. 11 P. O. BOX 2528 
ORANGE, CA 92669 
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On Converting 
60 Hz VDM-1s to 50 Hz 


line Current 


Timothy Mowchanuk 
Editor of COM-3 

Senior Chemistry Master 
POB 268 

Niddrie 3042 AUSTRALIA 


| read Guy Burkill's letter in the June 
1977 column of “Ask BYTE," page 60. The 
following is a modification to the Processor 
Technology VDM-1 board that may prove 
useful. (By the way, I have built two VDM-1 
boards and they both work perfectly. | can 
strongly recommend them.) 

Modify IC8 (93L16). Cut the land 
between pins 5 and 6, and connect pin 
5 to ground (pins 3 and 4 of the same IC 
are handy). This will alter the field and 
line frequencies to suit 50 Hz main 
frequencies. The video levels may be in- 
verted, but this can be changed using the 
switches on the VDM-1. The inversion prob- 
lem depends on the particular TV standard 
and the method of input to the television. 
This modification will work with the PAL-D 
television system. It will not work with 
the French television standard. (PAL-D 
is the British standard.) 

You may wish to publish this information 
for your foreign readers.® 


The Need 


for Relocating Loaders 


K P Pielmeier 

Albstr 33 

D-7014 Kornwestheim 
W GERMANY 


| would like to make some suggestions. 
Today most machine code programs for 
personal computers are produced for fixed 
memory assignment and are relocatable 


only after changing the source code and 
reassembling or recompiling. As program 
libraries grow, the drawback of reassembly 
becomes more and more obstructive. 

It would be quite nice to have relocatable 
modules, and it would be even nicer to have 
one standard defined for any type of 
processor. (There are other ways to produce 
relocatable modules; see — Borrmann's 
excellent "Relocatability and the Long 
Branch," page 26, in the October 1977 
BYTE. This method produces programs 
which are slower and a little longer.) From 
my experience with IBM's linkage editor and 
loader | can say that this is a valuable tool: 
any translator (assembler or compiler) can 
produce its code in the required format and 
the code may be executed on any IBM sys- 
tem without change. 

Of course | have a proposal at hand and 
| hope that it will not remain the only one, 
so that a satisfactory solution may be 
found. My suggestion is that a relocatable 
load module consist of four parts, which 
are: 


1. The code part, which contains the 
machine instructions and the data. 
This part will need some changes in 
relocation. 

2. The relocation directory part, which 
defines the points in the code part, 
which must be processed during relo- 
cation. 

3. The entry point directory part, which 
defines the entry points in the code 
part, ie: the names and the addresses 
of items defined in this program which 
may be referenced by other programs. 

4. The external reference directory part, 
which defines the external references 
in the code part, ie: the names of 
references in this program to items 
defined in other programs. 


(If the names look like IBM, this is because | 
took them from there.) 

| propose that each part should have the 
same format: a descriptor field and the part 
itself. As a minimum, the descriptor field 
should contain the identification of the part 
and its length. 

To keep the loader program simple and 
small, | suggest that only one operation be 
allowed for relocation: one (and only one) 
constant will be added to all points desig- 
nated by the relocation directory. This 
constant can be passed to the loader as a 
parameter and need not be defined in the 
relocation directory itself. To keep the 
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Boards DO Something 


CL2400 
Real Time Clock 


sy&le ms, inc. 


$98—Kit $135—Assembled 


| If your system needs to know what time it is, our CL2400 is 


the board for you. The present time in hours, minutes, and 
seconds is always available for input, and is continuously 
updated by the highly accurate 60 Hz power line frequency. 
Need periodic interrupts? The CL2400 can do that, too, at any 
of 6 rates. Reference manual with BASIC and assembly 
language software examples included. 


PC3200 
Power Controt System 


PC3232 $299—Kit $360—Assm. 
PC3216 $189—Kit $240—4Assm. 
PC3202 $39.50—Kit $52—Assm. 


If your system needs on/off control of lights, motors, 
appliances, etc., our PC3200 System components are for 
you. Control boards allow one !/O port to control 32 (PC3232) 
or 16 (PC3216)} external Power Control Units, such as the 


| PC3202 which controls 120 VAC loads to 400 Watts. Optically | 
isolated, low voltage, current-limited control lines are | 


standard in this growing product line. 


a 


P.0. Box 516 
La Canada, CA 91011 
(213) 790-7957 


systems, inc. 
(formerly comptek) 


R 
SHOPPING 


FIND YOURS! — In the comprehensive in- 
dex of computer firms, The Computer Data Di- 
rectory. Contains profiles of over 600 manu- 
facturers, stores, distributors, publishers, and 
electronic dealers. All addresses are up-to-date 
and at your finger tips! Products are cross-re- 
ferenced to their manufacturers, Similar to a 
telephone directory, Definitely a useful refer- 
ence source, Order yours today. All orders ship- 
ped on day received, e»se2420000229409209259009999 


[] SYSTEMS 

O SOFTWARE 

O PERIPHERALS 
O ACCESSORIES Postage Included 
FI EASY" TO USE 1 tere 
L] COMPUTER STORES 

C] COMPUTER SERVICE 

L] ELECTRONIC PARTS/SERVICE 

L] BRAND NAME MANUFACTURERS 

O WHERE TO WRITE FOR BROCHURES! 


@eveesavecseoen 


CLEVELAND, OHIO 44107 
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COMPUTER VOICE 


M250 


Speech Technology voice generators operate trom stored vocabularies — words, 
phrase, or messages of any length. Vocabularies are derived from real speech, 
ihus preserving clarity and naturalness to a degree nol obtained with olher 
methods ol low-data-rate synthesis, Average data rates for spoken messages are 
less than 120 bytes per second. Typically, only 8K bytes of mamory are needed 
for 100 words and short phrases. 


M188 Is inserted into a stot in any $100 bus computar, including Z80 syatems. Only standard 
bus signals ate used, and there is no interference with special bus assignmenta on some 
computers M18B is readily adapted to Intel SBC and oiher buses. Il operales trom pro- 
grammed transfers of unlimited vocabulary dala in compuler memory or wilh 2-byte access lo 
limited vocabularies in on-board EPROMS. $395 price includes fully assamblad ang 1esled 
M1B8, wilh comprehensive reference manual and 95-word vocabulary on digital cassatle 


M250 featuring small size and fully operating power of 150 milliwatts is ideal for insirumanis 
and portable equipment. M250 operates with on-board PROM-stored vocabularies Each word 
or phrase is selected by an external addressing byte and strobe. An end-ct-messago signal is 
Supplied by the M250 Price with programmed vocabulary (up to 40 words) is $385, Opllonal, 
larger capacity PROMs hold up to 80 words for $565. 


VOCABULARY LISTS/ TECHNICAL INFORMATION — CONTACT. 


SPEECH TECHNOLOGY CORPORATION 
631 WILSHIRE BLVD SANTA MONICA CA 90401 
(213) 393-0101 


BET, 


You - 


*Paf's Pendi 
OAE'S new PP-2708/16 at's Pending 


PROM Programmer is the 


only programmer with all 

these features: 

e Converts a PROM memory 
[socket to a table {op pro- 
grammer: No complex inter- 
facing to wire=just plug it 
into a 2708 memory socket” 

€ A short subroutiné sends 
daia over the address lines 
to program tha PROM 

e Prdgrams 2 PROMS less 
than the cost of a personal- 
ity module. (2708s and TMS 
2716s) 

ë Connect 2 or more in paral- 
IB — super for production 
programming 

e Complete with DC to DC 
switching invertor and 10 
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turn cermet trimmers (for 
Precision pulse width and 
amplitude alignment) 

è All packaged in a handsome 
aluminum case 


PP-2708/16 ..A & T $295. 


PP-2716 (Programs Intel's 
A & T $295. 


Oliver Advanced Engineering, Inc. 
676 West Wilson Avenue 
Glendale, Cal. 81203 
(213) 240-0080 
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relocation directory small, | suggest that it 
should consist simply of 1 byte entries, each 
of which describes the offset from the last 
relocation point to the next, with 255 
(=FFH) as an "advance and do nothing" 
indication. The relocation points must be 
presented in ascending order. For the entry/ 
external directories | will only suggest that 
they should contain the name and the 
relative address of each reference. 

| don't think it is reasonable to adopt 
a load module format very close to any 
external storage medium (as is the case 
with IBM's convention). It is better to 
separate the task of reading into internal 
memory and processing, so that a change 
in the external medium will not affect the 
processing part. 

Unfortunately | have no knowledge of 
any existing relocatable load module format 
for personal computers. | have neither a 
translator program producing relocatable 
modules nor a loader program. 

| think that many people have similar 
ideas, and | would like to discuss them to 
find a good and widely accepted solution.@ 


Speeding Up 
MIKBUG IO Routines 


T W Moore 

Amateur Computer Club 6800 Library 
24 Collage Rd 

Maidenhead, Berkshire SL6 6BN 
ENGLAND 


The Motorola MIKBUG ROM is widely 
used by 6800 hackers. lt contains two 
entry points, E1D1 and ETAC, which can 
be used by a user program as input or out- 
put routines; these routines use a single 
bit of a PIA and the data rate timing is 
determined by software and a programmable 
monostable (MC14536). 

Because of the software nature of the 
timing, some jitter will be introduced in 
the output waveform and there will be a 
jitter component in the sampling point of 
the received waveform. This effectively 
results in a maximum data rate at which 


MIKBUG can communicate with the out- 
side world. 

The jitter is caused by software loops in 
MIKBUG which wait for timeout of the 
monostable MC14536 but cannot quite 
catch the exact trailing edge of the mono- 
stable output. The following loop: 


ETEF DEL TST 2,X (7cycles) 
E1F1 BPL DEL (4 cycles) 


senses bit 7 of the PIA in a loop and exits 
when bit 7 is a logic “1.” In practice, the 
program exits anywhere between 7 and 18 
machine cycles after the leading edge of the 
signal into pin 7, since bit 7 is only sampled 
every 11 machine cycles. 

The input routine (ETAC) looks for a 
start bit by continually sensing bit 7 of side 
A of the PIA in a short loop, jumping out 
into the main routine when a logic zero is 
detected indicating a start bit. The main 
routine starts the programmable monostable 
which is sensed on bit 7 of side B of the PIA. 
The monostable effectively times out 
1.5 T, where T is 1/data rate, 3.33 ms for 
a data rate of 300 bps. After this, the first 
bit of data is sensed and rotated into the 
accumulator via the carry bit. This proce- 
dure is repeated eight times for all eight 
bits separated by a delay routine (DEL 
above) which waits for the monostable to 
timeout. 

The output routine works in a similar 
manner but then outputs data from the 
accumulator by rotating it into bit O of 
side A of the PIA. 

The effective input and output data 
rates are therefore determined by the 
time interval between samples or program 
loops, and mostly dependent on the mono- 
stable pulse width. The actual time between 
input samples in MIKBUG is: 


0 
Tmono * 28-Teycle * M Teycle 


where Tmono is the monostable delay, 
Teycle is the 6800 machine cycle time 


and n is my notation for any number 


between O and 11. 
The time between output samples is: 


0 
Tmono * 62-Teycte + M Teycle 


except for the width of the start bit which is: 


0 
Tmono * 56-Teycle + M T cycle 


professional quality 


Presenting a growing iine of 


IMSAI/ ALTAIR 


COMPATIBLE 
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S300 BLANK 


BOARDS 


8K BLANK RAM BOARD «zw», $25.00 


-wilh MEMORY PRÜTECT/UNPRÜTECT and SELECTABLE WAIT STATES 


Z-80 CPU BOARD 


$35.00 


—with PROVISIONS for OHBOARD 2708 and POWER ON JUMP 


PROTOBOARD 


$25.00 


(NEW) 2708/16 EPROM BOARD $25.00 


aces up To 16K of 2708's or 32K of 2716's 


Atl SOARDS FEATURE 


FULL BUFFERING on ALL DATA and ADDRESS LINES' 
SOLDER MASKS and SILK SCREEN' 
DIP SWITCH ADDRESSING ' 
GOLD EDGE CONNECTORS 
PLATED THROUGH HOLES 


laxcept ter PROTOBOARD 


WATCH FOR OUR 16/64K DYNAMIC RAM BOARD AND 


ADDITIONAL BOARDS TO BE ANNOUNCED FORTHWITH. 
. C) 


IMSAI 8080 Kit 
—with 22 Slot M.B. 


ithaca Cudio 


$ 560 


Z-B0A cpu CHIP..............629.00 
2708 CHIP 450 ns.......$12.00 


PLEASE ADD $220 SHIPPING PEA ORDIR 


PLEASE CALL (607) 273-3271 


00 


PLUS $10 Q0 SHIPPING ' 


PO BOX 81 
ITHACA, N.Y. 14850 


TO ORDER OR OBTAIN TECHNICAL ASSISTANCE. 


UEM and quantity discounts avalatie 


WHAISIT. 


A "DATA BASE MANAGER" FOR YOUR MICROCOMPUTER 


Much af the uniapped potential of computers Lun sn thee ability to store "data bases" of constantly 


changing information, and to permit convement, timely access to t through 4 one (o one "conversa 
tion" woh the person who needs H. Used ai à "Datla Base Manager," WHATSIT can support à duc 
resident dala bata and proces queries 14 well as updates) in a real ine conversational mode 


APPLICATIONS 
Early smnplemented on a mall derktop computer with 
as litte ex 24K of tod memory, the WHATEIT rystam 
€^ ie Ube iri BDplscateoni like hiie 
= A sappian snum rad io wows Cultome: and 
biespec! inis buyers’ names and phone mm 
bere, £ystamt order ana 
a A ohiana parten mer need 10 inda chani 
Tw£XH4hi  appeirimans whaduler, or lechocael 
Hale resti fot Praquant elaranca 
A. cantratior ghi want quick acera lO materna 
prepa arsi yc ilag torn 
* A minylktmar'i dete bese mgh include «vi 
oman mad upptas, and secerd prios quolatians. 
Cael ena) received 
a An owas mig wani jo keep (as no a purt 
folic of securities, with purchase datas and 12u 
Bari i perm agri 


OPEAATING SIMPLICITY 


ln pone lo moyn Engin ‘Request WHATSIT 
èm Mürr cien, dndi eN are PCa Monet ont or 
bria! apec nf yous bapian, hobby, of other 
BOclirafanm You ae dies to tarmix unrelated dala oe 
1 umir duc, qr te "djedscae" an individual dise to each 
tl a saci ol applications 


Since Dhi inda xen and disc apace albocavon ara pes 
fome ulate ine veriem can be used werdhout 
lanma complessa iiccedurm And unce both queries 
and wA ^E OCh mibi à gula piogia, 
Hr i nap anre dor the neonnierng anuj delay ol a 
“manu weleclor of 3o. manually witching liom one 
Trib ih 1» arid 

br COANE 1 Many OVO. WHATSIT dos nor 
Vedas you lo toni, yiuririi h iivanca fo pèrli 
cule dara siruüchusei, c4 “record formate" Tha file 
Moet 1 novas Toten, but develo. putormancally 1o 
Bap M fous PETES 


DYNAMIC FILE RESTRUCTURING 


Ths "dycaenie awiliseclussmg ^ ol ihe dala Desc labat 
Pace Loug aaa) use oof the iyrsem, wedghour 
SiO Sl ot alar erntion nr raprogrammang 

Thu a how il wemh Whalerer eie manos yoy wih 
DD UOTE deine ally Chay indani under Subyecd"* 
aed Clay heading you dangote Dung WHATSIT' 
Pehpn Englah Aeyuests. you may add ar change 
headings. At veni! dd deta, BD any Dm Becsuw ihe 
Matar rmairiains Feesdings mn disc storage, hiy may bey 
charged ceaiiity by ter doi captum op pel 


CONVERSATIONAL QUERY CAPABILITY 


Dan rettyel s myusiiy my You can quacy the 
zwsham greciy aba]! Aer arg itari do Pw, of you 
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May Miqut &b0ul! any heading AU dats recurred rna 
pen Engith "Request such a WHEN'S DR 
JEKYLL'S APPOINTMENT? System response Time n 
usually a mate: of vecondi 

Up to iwo headings may be uoce! in à single Ar 
quM, A Capability that Mikes postible erctatile cion 
dit ong within ihe dala bne 


INSTALLATION 
For eny imitallapioe the WHATSIT. propams aee 
supplied in the vodaly axistéble North Stas BASIC, and 
can be installed without matira on any S 100 bur 
{BOBO or 2 BO) commuter russe with a North Star 
Ga Vy Mme and at beast JAK byled of candor accais 
memory (RAM) For other dis sistemi at non 
compstutde computers the programi would respuit 
raed lieatgn 
SPECIFICATIONS 
MODEL N$.3, Varian 1 

Hatdwate Corthjaliinliy Any S 100 Bin (8080 ur 
2-BO} computer with one Nouh Star dac cyiiam and 
7AK of RAM (random acc marnady) 

Language Moth Sear BASIC. Veron 6 Relea 3 

Aequett lypes Stove, Scratch. Change, Add Soul 16 
Tyre including indeed Selective. and Anatogyl, plus 
specu Requeiii 

Response tema Normally 3 to 10 secondi 

Fie cappey TEOG 1o 3000 antogs cer dic dr 
pundasg ae setae entry Vength 

indexing Every antiy autumalcaly indexed Dy 
Suberct Tag. Ghect 

Requastiengih Up to 100 Chester 

Entry dengih Uu to 30 character, 


WHATSID is meastable lar $7500 as a fieaay w Aun 
Synem onciugeng theme pasara on Nerinylar disc 
and B IDO page? users mandal w AE in hof tien fa ar 
language The manua: mar be üghlionatty acieecd ta 
$2500 enar detaiec viactop and operan iosteuc 
bons the manual inciudes compimte programs latins 
in BASIC 
INFORMA TION LUNEIMITED 
608 W Jü Se Frente Ra 
Hemen ind déja! 
1299) A 4450 


gompyter 


CREATION 
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NEW 


TEXAS INSTRUMENTS 


CALCULATOR 

for the 

COMPUTER 
PROGRAMMER $59.95 


It calculates and converts in hexadecimal, decimal, 
and octal. Eliminates conversion tables and tedious 
longhand methods. 


$59.95 postpaid with battery pack, adapter/ 
charger, case, and manual. 10 day return privilege. 
Phone orders, and bank cards accepted. Foreign 
orders invited. Also purchase orders from estab- 
lished companies. Immediate Delivery. Our toll-free 
credit card order line is 1-800-521-1534 

Mail your order to address below. 


Just say charge it! Which card? 


NCE/Compunmart 1250 N. Main St, Dept.BY68 
P.O. Box 8610 Ann Arbor, Mi. 48107 (313) 994-4445 


MPI 
QUALITY CONTROL TEST 


KEYBOKPD TEST 200 BAUD RS232 SERIAL PORT 
VEYEOARO TEST 388 BAUD CURRENT LOGP 
OM LINE TEST 960€ BAUD RS232 SERIAL PORT 


BUFFER WEAF AROUND 
1-245657 022012245€ 769012 3456783012 34 567898 
1.22045 c0£onj2345&€789)g] 
1. AT + 72201 23455759012345676901234567898 
M CHARACTER 


faTOrTC Y a pur ^. 
TERE TRE MESURE Tel 
1 


"LI 
Lat 
So 


y or we sors 


Need Hard Copy? 


TRY OUR SOFT PRICES 
$425 


Complete standalone 40 column impact dot matrix printer wilh a 64 
character ASCII set Includes power supply casework and interlace 
electronics for connection to a mint micro processor parallel port 
Serta! interlace versions for RS232 current loop apphications start at 
$575 in single quantity 


SEND FOR FREE LITERATURE 


A Box 22101 
; Salt Lake City, Utah 84122 
Œa (801) 364-2411 
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Assuming a 6800 machine cycle of 
1 ps, there will be a peak to peak jitter 
component of 11 us between bit samples. 
Unfortunately this jitter component is 
cumulative. If we refer the sample times of 
a waveform to the leading edge of the start 
bit, as most asynchronous devices operate, 
the trailing edge of the eighth bit can have a 
peak to peak jitter component of 88 us. 
Similarly, the MIKBUG input routine can 
sample the eighth bit anywhere within a 
116 us window. These two figures are dif- 
ferent since MIKBUG input routine adds an 
extra 39 us of jitter sensing the start bit. 

At low data rates, such as 300 bps, the 
jitter is comparatively small. If we take a 
maximum allowable jitter of 25 percent 
of data rate as a deterministic bound on 
reliable communications, then with a 1 us 
cycle time (and no clock cycle stealing), 
the maximum data rate at which MIKBUG 
will operate without errors is 1/(4.88) œ 
2400 bps. In practice, the jitter adds with a 
Ganssian envelope distribution and opera- 
tion at 4800 bps, which for noncritical 
applications such as video displays, is quite 
possible with a few errors appearing. 

For more critical applications, such as 
cassette program storage, reducing the data 
rate to 1200 bps should allow enough mar- 
gin for jitter introduced by the rest of the 
system. In fact, MIKBUG operates very 
reliably at 1200 bps and | have used it to 
load programs from standard cassettes such 
as 8 K BASIC without any errors. 

It should also be mentioned that at these 
high external clock rates, the output data 
rates from MIKBUG will be different from 
the input data rate. This is because of the 
different number of machine cycles taken 
in the input and output routines. In fact, 
the output routine produces an extra delay 
of 34 us between data edges. At 1200 bps 
this represents a disparity of 4 percent be- 
tween input and output data rates. 

A practical MIKBUG system configured 
for high speed would have say 4800 bps for 
video display output, 1200 bps for high 
speed cassette and 300 bps for standard 
Kansas City interface. 

The circuit of figure 1 shows a typical 
configuration. Rather than switching the 
oscillator over such a wide range, the unused 
programming pins of the programmable 
monostable are used to give the required 
delays of 3.3 ms, 830 ys, and 200 us. The 
oscillator shown is a separate 555 since this 
gives improved temperature stability, but is 
not essential. The oscillator frequency is 
around 50 kHz, but should be pulled 
slightly to compensate for the extra delays 
introduced by the 6800 cycle times. 


Figure 1. 


MIKBUG Pid MC&éS2O 
PBC 


+54 PB? PB 


EZK 7 Dour RESET 
3 f~ISOKH2 3 
CLOCK — MCI4536 
10K 
+5Y 
2 ] 1OK 
150pF 


75K PRESETS 


Sia 


Wart No Longer! 


The new educational programs are here. 


Deere how to get more out of your 
computer. 

Magnemedia has produced the innova- 
tive line of software products you've been 
waiting for. Designed for use both at home 
or in the classroom, these programs make 
learning an exciting experience. 

This software comes in handsome two- 
cassette albums. Each cassette provides 
voice instruction on one side and a machine 
readable code on the other. Separate 
instruction booklets are provided in non- 
technical language. 

PROGRAMS NOW AVAILABLE 

All software is for Apple II. (Programs 
for other popular micro computers will be 
available soon). 

@Supermath™ (16K)—The computer 
teaches you to add, subtract, multiply and 


divide on your own level— in color! 

e True/False Quiz (&KJ— Tells you how to 
enter your own quiz. 

è Variable Message— You choose mes- 
sage and colors, the computer does the rest. 

€ Matching Quiz (BK|)— Three changeable 
categories in each program. Match item on 
left correctly with one on right and they 
both disappear. 

€Don't Fall™ (8K}—The computer 
chooses a word—you try to guess the 
letters without falling off cliff. Then you 
give the computer a word. 

@Memory Aide (8K)—Help memorizing 
facts, verses, lists. Computer prompts you, 
asks you to provide missing words, etc. 

@Study Aide (8K)—The computer gives 
questions in random order. If you miss, it 
saves the question for a later try. 


@Keyboard Organ (4K)— Turn your 
computer into a musical instrument. Play 
the keys like a piano! 

@Grading Routine (16K)—Takes the 
drudgery out of finding class curves. Dif- 
ferent categories, grading scales, etc. 

9 Drawing (4K)—Computer chooses word 
at random from list you supply. 

Here's the best news of all—each package 
of two programs sells for only $12.00! 
Individual programs are available for 
$7.50. Include $2.00 per order for shipping 
and handling. (California residents add 
6%). 

Magnemedia software is in stock at 
computer stores everywhere. (Dealers 
listed below}. If not available yet at your 
store, order directly from us, Specify which 
programs and enclose your check. 


DISTRIBUTORS 


Arizona nhnois New Jersey 

Personal Camputer Place, Mesa (602) 833-8949 Byte Shop, Champagne (217) 352-2323 Computer Corner, Pompton Lanes (201) 835-7080 

Arkansas Computerland, Arlington Heights (312) 255-6488 The Computer Emporium, Cherry Hill (609) 667-7555 
Datacope, Little Rock (501) 666-8588 Impenal Computer Systems, Rockford (815) 226-8200 New York 

California Kansas Computer Shop o! Syracuse, De Witt (315) 446-1284 
Byte Shop. Marina Del Rey (213) 530-3860 Personal Computer Center, Overtand Park (813) 649-5842. Computer Tree Inc., Endwell, (607) 748-1223 
Ayle Shop, Tustin (714) 731-1686 Loursiane North Carolina 
Byte Shop Computer Store, Walnut Creek (415) 933-6253 Computer Shoppe, Metarrie (504) 454-6600 Byte Shop, Rateigh (919) 833-0210 
Byte Shop No B, Hayward (415) 537-2983 Maryland Ohio 
Computer Components, Westminster (714) 898.8330 Computerland, Rockville (301) 948-7676 21st Century Shop. Cincinnati (513) 651-2111 
Computerlang, EI Cerrito (415) 233-5010 Massachusetts Okiahoma 
Computerland. Mission Viejo (714) 770-0131 The Computer Store, Burlington (617) 272-8770 Microlithics Inc., Oklahoma City (405) 947-5646 
Computeriand of West LA. Inglewood (213) 776-8080 Michigan Texas 
Computers Are Fun, Los Angeles (213) 475-0566 Computettand of Grand Rapids, Kentwood (616) Byte Shop, Richardson (214) 234-5955 


Recreational Computer Cirs, Sunnyvale (408) 735-7480 
The Computer Store, Santa Monica (213) 451-0713 


942-2931 


New Hampshire 


CompuShop, Dallas (214) 234-3412 
Computer Terminal, El Paso (815) 532-1777 


Colorado Computerland, Nashua (603) 469-5238 Computerland, Austin (512) 452-5701 
The Byte Shop, Inc , Englewood (303) 761-6232 New Mexico Computers 'n Things. Austin (512) 453-5970 
Connecticul Interactive Computers, Santa Fe (505) 492.9997 Interactiva Computers, Houston (713) 486-0291 
Computerland, Fairtield (203) 374.2227 Interactive Computers, Houston (713) 772-5257 
Florida Write to: - Micro Computer Shop, Corpus Christi (512) 855-4516 
Byte Shop. Miami (305) 264-2983 M d Washington 
Georgia agneme Ic Ye Olde Computer Shappe, Richland (509) 946-3330 


Byte Shop, Atlanta (404) 255-8084 
Datamart Inc., Atlanta (404) 266-0336 
Compuleriand of Atlanta, Smyrna (404) 953-0406 


17845 Sky Park Circle, Suite H 
Irvine, CA 982714 (714) 549-9122 


Ontario, Canada 
The Computer Mart, Toronto (416) 4B4-9708 


Circle 206 on inquiry card. 


June 1978 7 BYTE Publications Inc 135 


136 


Circle 321 on inquiry card. 


M6800 SOFTWARE TOOLS 


NEW for Relocating Assembler Users’ 


M6800 RELOCATABLE DISASSEMBLEH AND SEGMENTEN SOURCE TEXT 
GENERATOR This software tool enables you ta modify and adapt those large sized 
object programs (BASIC. Assembiers, etc.) and re assemble them an your system with 
oul requiring enormous memory This program will produce segmented source texi 
files with all the external linKage informaron required for te assembly peng | the Relo 
caling Assembler (Requires M6BAS proqram for use | MO63H$. . $35.00 


Més00 RELOCATING ASSEMBLER AND LINKING LOADER software for rapid pro 
gram development and debugging Some of its features are RELOCATABLE CODE 

FULL ALPHABETIZED CROSS REFERENCE LISTING BOTH GLOBAL AND 
LOCAL LABELS LISTING OF EXECUTION TIME RELATIVE BRANCH TAR 
GET ADDRESSES ACHARACTER LABELS CORESIDENTEDITOR ENGLISH 
ERROR MESSAGES | 80 COLUMN LISTING USING PR-40 etc. See March BYTE 
for additional details M68AS. 2s. S806 


The above two programs are furnished on cassette in relocatable formatted code with 
instruction. manual and commented assembly listing A short math loader program an 
standard Mikbug format is supplied to initially load the linking loader at any desired 
address 


The following programs are supplied. on standard Mhkbug formatted: cassettes See 
December BYTE 
Mb5800 DISASSEMBLER;/TRACE. Our best selling program. Dt is a super powerful de 
bugging tool that allows the user to examine ar examine and execule wiih full CPU 
status displays any area of memory under complete operator control 

M6BDT. . $20.00 
M6800 DISASSEMBLER SOURCE GENERATOR will produce compacted source cade 
nr an assembler styled program listing with symbolic labels and inst mnemonics 

MéBSG. 25. $25.09 
M6800 RELOCATE wall take any contiguous area of memory and relocate it n anywhere 
within RAM MEBBRL. £15.00 
M6800 BINARY LOADER MEBBL. . .. 15.00 
SPECIAL OFFEA Programs MOSDT Measc MOSRL, M6BBL. a a Package 

MBBPK . $55.00 

Get under Ed Smith's Software RUG (Relocating assembler Users Group) AU RUG 
members will have use of a building software support library in relocatable format Up 
coming items are a Floating Point package and a Trig package 


Order direct by check Specify system configuration if other than SwTPCo Califorma 
residents add 677 sales tax 


Ed Smith's 


SOFTWARE WORKS 


P. O. Box 339 
Redondo Beach, CA 90277 


9*?9*9*49990990900900909000090094209000090008€6€090900605850950205202279 


TERMINALS FROM TRANSNET 


PURCHASE 
12-24 MONTH FULL OWNERSHIP PLAN 
36 MONTH LEASE PLAN 
PURCHASE PER MONTH 
OESCRIPTION PRICE 17 MOS MOS lb 

DECwriter ll 
DECwriter Ill 
DECprinter | .. 
VT52 DECscope 
VT55 DECgraphic CRT 
ADM 3A CRT T 
ADDS Regent 100..... 
TI 745 Portable ...... 
TI 765 Bubble Mem... 
TI 810 RO Printer ..... 
Data Products 2230 ... 
QUME, Ltr. Qual. KSR. 
QUME, Ltr. Qual. RO .. 
FlexiFile 21, Flpy. Disk 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 

10% PURCHASE OPTION AFTER 36 MONTHS 


ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS è MODEMS «e THERMAL PAPER 
RIBBONS « INTERFACE MODULES è FLOPPY DISK UNITS 


PROMPT DELIVERY e EFFICIENT SERVICE 


TRANSNET CORPORATION 
2005 ROUTE 22, UNION, N.J, 07083 
201-688-7800 


b6090009090009000096090600450590000994960509999999909500€99229295059290990900968059009272€997€0 
SHSSSSSFHESHSSSHSFSFSHSSOSESHSSESHSSSHOSSASEHERESREHRERSEREEEESAEFERREEE TERRES 
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Tom Pittman 


Bewa re San Jose CA a5 ; 53 
Compromising 


the Stack Pointer 


in the November 1977 BYTE there are 
several articles on implementing real time 
clocks, and at least two of them suggest 
bringing the interrupts in on the NMI inter- 
rupt of the 6800 or 6502. I think your 6800 
users should be warned that io do so re- 
quires (with no exceptions) a clean stack. 
This means never using the stack pointer for 
any other purpose. 

| notice that SwTPC software is gaining 
wide acceptance in 6800 circles (especially 
among SwTPC users, naturally enough, but 
also elsewhere). By my count their 8 K 
BASIC (version 2.0) has no fewer than 13 
places where the stack pointer is used 
to move a block of data. While this tech- 
nique certainly works, it makes the software 
incompatible with interrupts such as those 
used by the various clock articles in the 
November BYTE. In two of these places the 
stack pointer is used to shift the user BASIC 
program over for line insertions and 
deletions, which tends to take a long time 
for large programs. This means that as you 
edit your BASIC program, little by little 
your real time clock will eat little holes in it, 
leaving debris which may cause the inter- 
preter to self-destruct when you try to RUN. 
The SwTPC coresident editor and assembler 
does not even disable interrupts when 
fooling with the stack pointer, so any inter- 
rupt (NMI or IRQ) will compromise the 
data. | should remark here that the as- 
sembler part of this package appears to be a 
modified copy of the Motorola caresident 
assembler, and it is only the SwTPC modifi- 
cations which compromise the stack. 

The 6502 is less subject to such hazards 
because there is less temptation to use ils 
8 bit stack pointer for other purposes, and 
because its indirect addressing capabilities 
obviate the need for such machinations. 

Both the 6800 and the 6502 are subject 
to a different hazard in the use of the NMI 
interrupt for a clock (or any other purpose, 
for that matter). This is the inherent conflict 
between the NMI and the other interrupts. 
You see, the NMI wins that conflict. In the 
case of an IRQ at the same time, this is not a 


problem because the IRQ input to the CPU 
is level sensitive, and if the IRQ gets lost in 
the service of an NMI who cares? The inter- 
rupting device simply holds its level and 
when the NMI service is complete the IRQ is 
still waiting and gets its turn. But a software 
generated interrupt is a different matter. 
By the time this is decoded inside the pro- 
cessor, the program counter has already been 
incremented to point to the next instruc- 
tion. But jt is not too fate for an NMI to 
replace that interrupt. When the NMI service 
completes, it returns to the next instruction 
after the SWI or BRK, just as if it were a 
NOP. This is true of both the 6800 and the 
6502. | do not know it Lo be true of the 
Z-80, but it is a question worth asking. 

What this means is that you cannot de- 
pend on SWI (or BRK) instructions in the 
same system that uses the NMI. Fortunately 
most present systems use these instructions 
for setting breakpoints in a program under 
test. If you want to be sure not to lose a 
breakpoint, put two in right next to each 
other; if you lose the first, the second will 
surely work. A few 6800 operating systems 
use the SWI as a monitor service call. Tough 
luck. The second byte of the service call 
(which identifies the monitor function to be 
performed) will occasionally be executed 
instead of being passed as data to the 
monitor. 

By the way, in case you are thinking of a 
software fix like backing up the program 
counter, forget it. You have no way of 
knowing if a SWI got lost, or even if a SWI 
preceeds the instruction the NMI returns to. 
You could bail out if all service calls were 
identified by an illegal op code after the 
SWI (or two bytes after the BRK in a 6502). 
Otherwise hardware is required to fix the 
problem. 


Technical Forum is a fea- 
ture intended as an interactive 
dialog on the technology of 
personal computing. The sub- 
ject matter is open-ended, and 
the intent is to foster dis- 
cussion and communicetion 
among readers of BYTE. We 
ask that aff correspondents 
supply their full names and 
addresses to be printed with 
their commentaries. We also 
ask that correspondents sup- 
ply their telephone numbers, 
which will be printed unless 
we are explicitly asked to 
omit them. 
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8700Processor: 6503 MPU. Wear free"Active Keyboard", 
Micro-Diagnostic® Extensive documentation, FullySocketed. 

Piebug Monitor: Relative address calculator, Pointer High-low, 
User Subroutines, Back-step key. 


Cassette Interface: ^ Load & Dump by file *, Tape motion 
control. Positive indication of operation. 
Applications systems from $90 (IOunit quantity) 


Development systems from $149 (singleunit) 


»aséssdsaedooutetosedótasadetsaposbuesesasaosuo ia ET 
TELL ME MORE ii to see for myself that the 4700 is The Answer, : 
= ( ] Please send documentation 

and price lists, $I) enclosed, name: 


* 
i 
i [ ) T don’t need documentation 

: please send price lists, wilress: 


+ { ) Please send FREE CATALOG. 


city: state; zip: 


ELECTRONICS — DEPT.6-B © 1020 W. Wilshire Blvd. © Oklahoma City, OK 73116 (405) 843-9626: 


wert eeeretes eee ree eee eee eee eee eer Tere Cee eer eererr errr rrr rr re rrr rT rr Tre) 


P a 
$100 MAINFRAME 
e NOT A KIT 
e 8v@15A, + 16v@3A power 
e Rack mountable 
* 15 slot motherboard 
e Card cage 
s Fan, line cord, fuse, 
switch, EMI filter 
* Desk top version option 
e 8v(930A. + 16v 410A option 


* SS-50 bus option Rack 


* voltage monitor option mounted 
model $200 


Desk 
top model 
$235 


Write or call for a copy of our 
detailed brochure which includes 
our application note 
BUILDING CHEAP COMPUTERS. 

INTEGRAND | 


8474 Ave 296 ® Visalia, CA 93277 + (209) 733-9288 


We accept BankAmericard/Visa and Master Charge 
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Notes on Teaching with Microcomputers 


1976/1977 


2é6L/9Z61L 


ana 


BUTE 


The following issues available: 


Dr William H Norton 
RR 6, Box 7 
lowa City lA 52240 


The microcomputer in a classroom is 
worth a thousand words. The visual demon- 
strations of computer function and design 
enable students to grasp ideas that would 
otherwise have to be abstract verbal con- 
structs. The ability to help student under- 
standing of computers reach a more pro- 
found level faster using microcomputer 
demonstrations opens up many possibilities 
for the instructor. The newness of micro- 
computers and probable future applications, 
Such as energy conservation, lend interest 
to the subject for both student and teacher. 


Cover Price * 
plus postage 
and handling 


Back Issues for sale 


"76 77 


2950 July 
60 August 
200 October 
300 November 
500 December 


330 March 
700 May 
950 June 
950 July 
1450 August 
2550 September 
300 November 
700 December 


sanss) N9eg 


ales 104 


*Cover price for ail issues thru Auqust 1977 is 
$1.50 ($5.50 foreign) plus $.25 postage and 
handling. September '77 thru December '77 
issues are $2.00 ($4.00 foreign) plus $.50 
postage and handling. 


Send requests to: BYTE Magazine 


70 Main St 
Paterborough NH 03458 


Attn: Back Issues 
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The Teaching Tool 


We recently purchased a KIM-1 from 
MOS Technology for use in the computer 
science program at Marycrest College in 
Davenport 1A. Our conventional computer 
facilities consist of a remote line to the 
IBM 360/65 at the University of lowa about 
60 miles away. The KIM-1 compensates for 
the remoteness of the [BM computer and 
opens new possibilities for computer use 
as well. 

As a teaching tool the micrecomputer has 
several strong advantages over the larger 
computer systems: 


* |t is portable enough to be moved into 
a classroom. 

€ |t is small enough to be nonthreat- 
ening Lo students. 

€ Students can get actual hands-on ex- 
perience programming it. 

* Small schools can afford to purchase a 
microcomputer system. 


A whole microcomputer system with 
basic language facilities can provide an ex- 
cellent computer facility for many small 
school systems and colleges. In the future 
a microcomputer system with a modest 
amount of bubble memory may finally make 
computer assisted instruction (CAI) a 
reality. Thus educational uses for microcom- 
puter technology look very promising. 

Talking to a class about computers is 
really different when you have one in your 
hand. [t is almost like adding another 
dimension to the teaching situation. The 
KIM-T we are using has the added advantage 
that programs can be stepped through one 
instruction at a time. This allows registers, 
addresses, op codes and data to be inspected 
after each instruction. We have even dis- 
played voltages on à DVM and oscilloscope. 
These activities make computing a visible 
reality for the student; that seems to be 
an important part of learning. 

My goal in setting up the computer curri- 
culum has been to make it practical and 
career oriented rather than a theoretical 
science. The term '"'software engineering" is 
closer to describing the intended approach 
than is traditional computer science. The 
microcomputer fits nicely into this scheme. 
lt enables me to base teaching software 


'techniques on known hardware mechanisms 


rather than on abstract mathematical 
theories. Hopefully this will increase the 
range of students who can become good 
programmers. 


The Microcomputer as a Friend 


Students seem to have gotten used to the 
idea of the calculator as a friend. Big com- 
puters with flashing lights and noisy IO 
devices are totally beyond the understanding 
of many students, especially those in the 
introductory courses. The microcomputer 
seems to fit in the same category as the 
calculator: it somehow has to be under- 
standable because it is so small. This is a 
significant contribution toward overcoming 
student fear of technological monsters. 

Not only is it less threatening for the 
beginning student, but it isa thrill to make it 
actually work for the more advanced stu- 
dent. We are using the microcomputer as 
the basis for a course in large computer 
organization. The basic architecture of 
micros is similar enough to large scale com- 
puters $o that actual hands-on experience is 
applicable to understanding most computer 
systems. [n addition, by the time the stu- 
dents currently enrolled in this course 
graduate, microcomputing jobs may be 
plentiful, enabling them to apply their 
microcomputer experience directly to a 
career situation. Either way the students 
come out ahead. 


But Is It Affordable? 


Current prices put microcomputers 
within the range of most school systems 
and colleges as well as affluent students. 
According to Datamation (January 1977) 
the University of California and Pasadena 
Polytechnic High School are among the 
first users of microsystems, Computer 
Power and Light Inc of Studio City CA 
is a new business engaged in selling micro- 
computer systems to schools. Schoolwork 
on home computer systems as we have 
seen in BYTE is now a reality. 

Computer assisted instruction requires 
little computing power and lots of memory. 
The ideal solution might be a micro with a 
video display and a bubble memory module 
containing the course to be learned. Perhaps 
a micro could integrate the verbal material 
with a visual display on a television using 
video tape. 

Thus microcomputers are an ideal tool 
for teaching students about computers and 
hold much promise for deeper involvement 
in education in the future. This means 
many more marketing and occupational! 
opportunities in microprogramming.@ 


S-100 BUS Needs? 


Computer Enterprises Fills 
Them Quickly, Inexpensively 
And Of Course, Courteously. 


* Main Frames * Disk Systems 
* Memory Boards * Interface Boards 


BEES 


Credit Cash 
Card Discount 
Price Price 
Dynabyte 250ns 16K RAM 
(assembled) ..................... $520. $600. 
Dynabyte Naked Terminal 
(assembled) ..................... $328. $318. 
Cromamco 250ns 16K RAM Kit .... $464. $446. 
Cromemco Bytesaver Kit .......... $136. $1831. 
Cromemco Z-8 Computer Hit....... $557. $836. 
Cromemco Z-2D Computer Kit ..... $1399. $1348. 
IMSAI PCS-BO/18 Kit.............. $731. $703. 
IMSAT PIO 6-68 Kit... ..... ......... $155. $149. 
IMBAIMIOJXit.................... $166. $160. 
IMSAT 8080 Kit with 22-slot M.B. . $593 $870. 
IMBAIVIO-C Kit .................. $297. $286. 
Trace 16K Static RAM (assembied 
on 32E board) ................... $529. $809. 
Trace 32K Static RAM (assembled) $883. $849. 
Tracel6K RAM Expansion ........ $441. $424. 
North Star Micro Disk System Kit . $623. $899. 
North Star MDS Second drive Kit .. $395. $350. 
North Star Horizon 1 Computer Kit $1497. $1439. 
North Star Horizon Second Drive .. $595. $380. 
North Star Horizon 1 (assembled). $1777. $1709. 
TOL ZPU (assembled) ............. $183. $176. 
TDL D-32 RAM (assembled) ....... $769. $739. 
TDL Software Package A (for 
North Star disk) ................ $228. $219. 
Lear Siegler ADM-SAKIt.......... write or call for prices 
Seals Electronics 8K 280N8 RAM 
(assembled) ..................... $187. $180. 
George Risk Model 756 ASC IT 
keyboard Kit.................. $60. $58. 
George Risk Model 786 ASCII 
keyboard (assembled)........... $71. $68. 


Metal Cabinet for Model 7586 


3 
S 
E 
A 
S 
3 


Supping charges $10 per CPU on larger units, $1 50 per kit $2.00 min per 
order 

Del very 18 stock to 30 days on mest items Shipment 1s unmedtate for pay- 
mant by cashier's check, money order or charge card Allow 3 weeks for 
persenal chacks to clear N Y State residents add approp sales tax Avail- 
ability, prices and specs may change without notice 


Write or Call 


™ 


P.O. Box 71 
Fayetteville, N.Y. 15066 


Phone (315) 637-6208 Today! 


Operating Honra: 
M-W10-8E.8.T. 
Th-F10-9 £.8.T. 

Closed Bat. & Bun. 
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More Music 
for the 6502 


The following zero page locations must be loaded before execution: 


000E BEAT bass downbeat rate. Typical value = OB. 
o00F WASH determines largest table increment used. Typical value = OF. 
OO12 TEMPO determines duration of shortest note; controls tempo, 


Typical value = 0D. 
Other labala umed: 


oğli INCR Table increment (harmonic number] 

0011 CNTRL Inner loop counter {wraparound} 

0013 ACHTR Downbeat counter 

oor CNTRI Outer loop counter 

0300 TABLE Starting addresa of waveform tabie 

P900 DAC hddream of output port connected to DAC 

9200 A0 00 Lov ù y index is the note counter 

0202 96 NOTE TYA split y into upper and iovar halves. 
0203 28 PO AND 11110000 

0205 4A LSR A 

0206 4a LSR A 

520? 4A LSR A 

0206 ar LSR A 

$209 85 18 ETA INCR 

0200 96 TYA 

$20c i9 oF AND 090001111 

920E 25 10 AND INCR AND the two halves 

0210 $5 10 ADC INCR and add to lower half. 

0212 15 OF AMD WASK MASK out upper half. 

0214 85 10 STA INCA Store result for use as table increment. 
0216 Ad 600 RESET LDX 0 X is waveform table pointer 

0418 AS 12 LDA TEMPO Reset tempo counter. 

021A 85 14 LDA  CNTRH 

o21C BD 00 05 LOOP LDA TABLE Get Xth byte of table and send to DAC 
tiir to oo Fo STA BAC 

0222 BA TKA Add the table increment INCR to X. 
0223 lg CLC 

2224 6s 10 ADC INCR 

0424 AA TAX 

0227 cé 11 DEC CNTRI Rapeat until 256 X TEMPO table bytes are Output 
0225 DO 06 BNE RPEAT (which constitutas one note) 

0221B Cé 14 DEC CNTRH 

022D D0 ED SNE LOOP 

O72F ro 04 BEQ NEXT 

0211 EA RPEAT NOP Waste as much time as it takes to decrement CNTRI. 
0232 18 cuc 

0233 $0 87 Bcc LOOP 

0215 ca NEXT INY Go on to next note. 

02236 cé 13 DEC BEAT 

02318 D0 CB ENE WOTE 

O23A A* OE LBA BEAT 

0231 83 13 STA  BCNTR 

0233 A9 Dl LDA #0) 

0235 as 10 STA INCR 

0237 18 cuc 

0238 90 Dl BCC RESET 


Listing !: A program written for the 6502 which generates first order tone 
sequences. The program can reside in any 70 consecutive memory locations. 
It requires a 256 byte waveform table on page 03 and an 8 bit digital to 
analog converter address at F900. The program uses the X and Y registers and 
zero page locations OE thru 14. This program was hand assembled and is re- 
produced here from the author's typed listing. 
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T C O'Haver 

Dapt of Chemistry 
Univarsity of Maryland 
Collage Park MD 20742 


Here is a simple "music" composition and 
generation program which should provide 
some fun for the experimentally inclined. In 
September 1977 BYTE, page 12, Hal Taylor 
wrote about rules describing the style 
and structure of computer generated music. 
He described zeroth order stochastic control, 
in which the note sequences and durations 
are completely random. This sort of thing 
is very easily implemented with a micro- 
computer, and | suspect many of you have 
already done so just for fun, but the novelty 
wears off very quickly. More interesting 
is first order control, in which the pitches 
(or more precisely the transitions between 
pitches, or intervals) and rhythms are 
governed by some set of rules derived from 
conventional music (or from mathematics, 
poetry, etc, according to Hal Taylor). 

The algorithm given here generates 
a monotonic tone sequence under first 
order control based on simple arithmetic 
and Boolean relations. The tone generation 
itself is done by the conventional sampled 
waveform approach with a stored waveform 
and variable table increment (see Hal 
Chamberlin’s article cited at the end of this 
article for explanation). In the conventional 
technique, the table increments which 
determine the pitches are stored in a table, 
which forces the computer to play a pre- 
determined tune. In the system described 
here, though, the table increments are 
calculated in real time by means of a simple 
pattern generating algorithm. The result 
is music which is "natural," at least from 
the computer's point of view, because the 
elements of the pattern algorithm are simple 
binary machine operations such as incre- 
ment, shift, AND, OR and add. While you 
might not consider the results serious 
competition for the top ten, | think you will 
find that the computer's idea of music 
has many elements in common with our 
own. 

The hardware requirements are minimal: 
an MOS Technology 6502 based computer 
with 1 K of programmable memory, a simple 
8 bit latched output port, and an 8 bit 
digital to analog converter (DAC), A KIM-1, 
Ebka 6502, PAIA 8700, or an OSI 400 


board should be able to run this program 
by simply changing the output instruction 
(locations 021F to 0221) to the address of 
your output port (F900 on my Ebka). 

The complete program is given in the 
accompanying listing. It is written to occupy 
the first 70 bytes of page 02, but is relo- 
catable without change. The 256 byte wave- 
form table is on page 03. Page zero locations 
OE to 14 are used. The pattern generating 
routine (hexadecimal addresses 0202 to 
0213) produces a 4 bit integer table incre- 
ment (INCR) from the value in the y index 
register, which is initialized to O and is 
incremented by 1 for each successive note 
(at location 0235). Then code at locations 
0216 to 0234 generates the note with the 
duration determined by TEMPO. To add a 
rhythmic touch, locations 0236 to 0241 
force the fundamental (lowest) frequency 
to be played every eight notes: a sort of 
bass drone effect. 

The waveform table can be anything 
you like. Of the simple waveforms, a tri- 
angular wave sounds pleasant. Or you can 
use a more complex waveform such as the 
one given by Hal Chamberlin in his Septem- 
ber 1977 BYTE article, page 62. 

In addition to the waveform, several 
other variables can be changed for experi- 
menta! purposes, including TEMPO, MASK, 
BEAT, and, most interestingly, the pattern 
generator itself. For example by changing 
the AND and ADC operations at O20E and 
0210 to ORA, EOR, SBC, etc, a variety of 
other patterns can be generated. 

Note that, since only integer table incre- 
ments are used, the pitches obtained will be 
a "natural" harmonic series resulting in a 
so-called “scale of just intonation” rather 
than the equally tempered scale more 
familiar in post 17th century Western music 
(see Olsen’s book in the references). The 
difference is slight for the first few har- 
monics, so for that reason the harmonic 
numbers (table increments) are limited by 
the MASK applied at 020B.m 


REFERENCES 


Q1. Hal Taylor, "Scortos: Implementation of a 
Music Language," September 1977 BYTE, 
page 12. 

2. Hal Chamberlin, "A Sampling of Techniques 
for the Computer Performance of Music," 
September 1977 BYTE, page 62. 

3. H F Olson, Music, Physics, and Engineering, 
second edition, Dover, New York, 1967. 


Harmonic 

Number Nota Interval 
1 Co —— 
2 C3 Octave 
3 G3 Perfect 5th above C3 
4 Ca Next octave 
5 Eq Major 3rd above C4 
6 G4 Perfect 5th above C4 
7 Bh Harmonie minor 7th 
8 C5 Next octave 


Table 1: The harmonic series based on the note C2. (C2 is two octaves below 
middle C.) 


MICRO 
INTERFACIN 
G 


Fe 
ô 


PROCESSOR 


Microprocessor Lexicon, Acronyms and Definitions, by 
SYBEX. 110 pp. This little book is a necessity to anyone who 
wants an explanation of those hard-to-fathom acronyms and 
other micro terms. At 4%" x 5'&" it can be pocketed easily. 
For only $2.95 every microcomputerphile should haye a copy. 


Microprocessor Interfacing Techniques (2nd expanded 
edition) by Austin Lesea and Rodnay Zaks. Now available is 
this newly revised edition featuring: new materia! on "useful 
circuits," an enlarged floppy disk section with new double den- 
sity controllers, updates on LSI controllers—and much more. 
Including basic concepts and techniques, this book is a very 
comprehensive handbook on interfacing. 416 pp. $9.95. 


Microprocessors: From Chips to Systems by Rodnay 
Zaks. 416 pp. $9.95. 


For convenience, please use the coupon on page 96, writing in 
this book's title. Processing may occasionally exceed 30 days. 


Send now to: BITS, Inc, 70 Main St, Peterborough, NH 03458. 
Master Charge and BankAmaricard/VISA welcome. 
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Add a Voice 


to Your Computer for $35 


Talk to Me! 


"Talk to me! Talk to me!" 

"OK! [ll talk to you if you need it that 
much!" Ken called out as he descended the 
stairs into my cellar workshop. “You sure 
you aren't going a little buggy?" 

| looked up from the video monitor and 
parted the piles of cassette tapes and print- 
outs. Ken was a good neighbor and | knew 
his comment was only in jest. I hit the car- 
riage return and the speaker said, "Talk to 
mel" 

Ken smiled when he realized | was just 
exercising the voice synthesizer option | 
had previously added to my system. 

“This synthesizer is part of the reason I'm 
here this evening," he said. 

"What's the problem?" | asked. 

"No problem really. We just got a micro- 
computer in my company's R and D lab and 
I've been playing with it lately. It’s pretty 
sophisticated and has plenty of memory 
space. What would it cost to put that type of 
synthesized voice on our computer? | can 
probably raise $50 among the technicians 
for it. They'd get a kick out of it." 

"Well, depending on the manufacturer 
and the particular interface, they usually 
run from $400 to $800 and up." I looked at 
the startled expression on Ken's face. It was 
what | normally call "peripheral face," the 
look you get when you tell someone that 
it'll cost $1100 for a video terminal to 
communicate with the computer he just 
bought for $250. 

"So much for that idea. How's the weather 
been lately?" 

"Wait!" | interjected. "How much mem- 
ory do you have on your lab microcom- 
puter?” 

“40 K, 1 believe, Why?” 

“How much of a vocabulary do you 
need?” 

"| suspect we'd only need the numbers 
O through 9 and a few letters. We want to 
monitor data and verbally record channel 
number and input value. But at that price 
it's far too expensive to justify.” 

“How about digitized speech? You prob- 


ably have enough memory for that." 

"What's that?" 

“It’s a process to record speech digitally. 
For all practical purposes it's like a tape 
recorder, but instead of magnetic tape for 
the storage medium it uses the computer's 
programmable memory. The tape recorder 
uses an analog storage method while the 
computer stores the information digitally." 

“If it's that simple why don't more people 
use it?" 

"|t's mostly because it's not very memory 
efficient. A voice synthesizer is an analog 
voltage generator that creates the speech 
phoneme sounds through a hard wired cir- 
cuit. In its most advanced form a single 8 bit 
byte can be used to tell the synthesizer what 
discrete sound it should make. By sending it 
a series of byte codes, words can be made 
from the discrete sounds. That's the way 
my Votrax synthesizer works,” 1 pulled out 
a pad to sketch my explanation. "In digitized 
speech the analog voice input is sampled very 
quickly with a high speed analog to digital 
converter, and the samples are stored in 
memory. To reconvert to analog or "say" 
the words, the stored digital data is sent to 
a digital to analog converter at the same rate 
and in the same order the samples were 
taken. The concept of digitized speech has 
been around for a long time, but up until 
recently the cost of a system dedicated to 
this was prohibitive. You already have the 
computer and enough memory for limited 
applications. All you need is the high speed 
analog to digital and digital to analog con- 
verters and the knowledge to do it." 

"And what is that going to cost me, 
$500?” Ken was still skeptical. 

| opened a drawer under the bench. It was 
my "junk box" (in my case one corner of 
my cellar is a junk room). | rummaged 
through the prototype boards from previous 
experiments and pulled out a particular one. 
"Ah, here we are. You remember a few 
months ago when [ designed that 8 channel 
digital voltmeter (December 1977 BYTE, 
page 76, and January 1978 BYTE, page 37}. 


Figure la: Block diagram of a digital speech recording system. Speech is picked up as sound 
waves by the microphone and is amplified and processed through a high speed analog to digital 


converter which samples the analog sound waveform several thousand times a second. These 
COMPUTER SYSTEM 


samples are stored in the computer 5 programmable memory. 
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| needed it to troubleshoot this board. This 
is all you need for digitized speech." | 
tossed the board to Ken. “It contains a 
100,000 sample per second 8 bit analog to 
digital converter and an equivalent speed 
digital to analog converter. And now the 
beauty part: [t cost less than $35 to build.” 

"Great! Tell me how to use it. How much 
memory does it need? What kind of program 
does it use? Can you tell me how to use it 
so | can borrow it for work tomorrow?" 

"Well, let's go over the concept in more 
detail... .” 


What is Digitized Speech? 


Digitized speech is simply a standard 
data acquisition technique with a new defini- 
tion. For years people have been using 
computers to scan analog to digital input 
converters and store the results in memory. 
Often, in high speed applications such as 
wind tunnels and nuclear experiments, the 
sample rates can exceed thousands of samples 
a second. [n cases where the critical event is 
of short duration, these thousands of samples 
are stored directly into memory to increase 
system throughput capabilities. When the 
event has passed and sampling has stopped, 
the computer memory contains a record of 
that event in discretely timed intervals. The 
stored data is now available to be reduced, 
analyzed or listed. It’s often listed in "slow 
motion." This technique employs an analog 
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pen recorder and a digital to analog conver- 
ter. Each sample is successively processed 
through a digital to analog converter at a 
slow rate to the pen recorder. The result is 
an expanded view of a short event. 

An alternative method for utilizing this 
stored data is to play it back in real time. 
In this case the computer outputs the stored 
data to the digital to analog converter at the 
same rate the data is taken. The output of 
the converter would then exactly duplicate 
the values of the event previously recorded 
(at the times the samples were taken). 

Digitized speech is a specific application 
of this type of data recording technique. 
Your voice, when applied to a microphone 
and amplifier, creates a fluctuating analog 
voltage that varies at the frequency rate of 
the sound. If this analog signal is applied to 
the input of ahigh speed (greater than 10,000 
samples per second) analog to digital con- 
verter and stored in memory, the computer 
won't care whether the source !s speech or 
a nuclear reaction. The analog fluctuations 
are "digitized" at discrete sampling intervals 
and stored (figure 1a). If the stored memory 
table is sent to a digital to analog converter 
at the same rate it was initially sampled, the 
speech is reproduced exactly. Of course 
there are trade-offs and limitations that 
have to be considered to produce a usable 
system (figure 1b). We will consider them 
in detail later. 
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Figure 1b: Block diagram of a digital speech playback system. Digital sample 
points stored by the system in figure la are converted by a high speed digital 
to analog converter into an analog speech waveform. A low pass filter is used 
to smooth the signal, which is then amplified and played back through a 
speaker. 
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Figure 2a: A waveform 
(considerably simplified) 
which is characteristic of 
the voice. 


Figure 2b: Waveform in 
figure 2a after being pro- 
cessed through a digital to 


analog converter at a 
sample rate of 5000 
samples per second. 


Figure 2c: Waveform in 
figure 2a after being pro- 
cessed through a digital to 
analog converter at a 
sample rate of 10,000 
samples per second. 
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A digitized speech system creates its out- 
put waveform by digital to analog conversion 
rather than by completely analog generation 
as in the case of a voice synthesizer. The 
major consideration that limits the usefulness 
of digital speech is the vast quantity of data 
which must be stored to reproduce a single 
spoken word. 
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Choosing the Correct Sampling Rate 


The 8 channel digital voltmeter mentioned 
earlier has a maximum sampling rate of 25 
conversions a second. A slow speed analog 
to digital converter of this type is of no value 
in this application. The normal human voice 
occupies a bandwidth of 4000 Hz, and taking 


TIME 
100 psec /DIV 


TIME 
100 bec /DIV 


TIME 
190 u sec / DIV 


25 samples within a period of one second 
could not effectively record the event. At 
what sampling rate should audio speech be 
digitized? 

There is a specific law used to determine 
this rate, called the Nyquist criterion. It 
states that, at the very minimum, the sam- 
pling rate of the digitizer must be twice the 
maximum frequency of the input sample. 
If human voice extends to 4 kHz, the mini- 
mum sample rate should be 8 kHz. This 
presumes that there is an ideal low pass 
filter on the output of the converter. [deal 
filters are something like perpetual motion, 
impossible to attain. In reality the sampling 
rate should be three or four times the highest 
input frequency. This means that to digitize 
voice fully you need a sample rate of from 
12 to 16 kHz. 

It iseasier to explain the digitization proc- 
ess visually. Figure 2 illustrates an expanded 
view of a typical speechlike waveform. Voice 
waveforms are complex: the majority of the 
voice sounds exist below 1500 Hz, but 
intonation and accent occupy the higher 
frequencies. It is these added harmonics and 
inflections that make one voice different 


from another, and capturing and recording 
them is an important consideration. The 
waveform in figure 2 has been digitized at 
two different rates for comparison. Figure 2a 
is the original waveform which consists of a 
fundamental frequency of approximatley 
500 Hz and some added components of 
higher frequency. |f this waveform is 
"digitized" or sampled at a 5000 samples per 
second rate and the stored values are sent 
to a digital to analog converter, the resultant 
waveform would be that shown in figure 2b. 
It is easy to see that only a vague representa- 
tion of the original waveform would be 
recorded. Even though this output is filtered 
before being amplified, the higher frequency 
components of the original input would be 
lost. Increasing the sampling rate to 10,000 
samples per second as in figure 2c gives a 
better record of the higher frequencies. The 
addition of a good low pass filter would 
eliminate the sharp transitions between 
samples. 


Tradeoffs to be Considered 


The benefits associated with the reduced 
cost of the voice input and output circuitry 
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Power wiring 
table for figures 3a and 3b. 


IN914 (2) 


are counteracted by the increased memory 
requirements. Digitized speech uses a lot of 
memory. In the previous example, if the 
voice input is sampled at 10,000 samples per 
second, the table in memory needed to store 
one second of data would be 10,000 bytes 
long (presuming an 8 bit analog to digital 
converter). If increased fidelity is required 
and the sampling rate is set for 16 kHz, the 
table would fill up at a rate of 16,000 bytes 
per second. 

Obviously, systems like my own, which 
already have considerable amounts of pro- 
grammable memory, would be easy to use 
for experimenting with digital speech. | do 
not recommend buying additional memory 
just to store a few words, but, if you have it, 
you'll be surprised at the results. 
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Building a Voice Digitizer 


To experiment fully with digitized 
speech, it is necessary to have a high speed 
analog to digital converter to store the 
analog input and a high speed digital to 
analog converter to reconstruct the analog 
output. 

Figure 3a shows the schematic of an 8 bit 
analog to digital converter capable of sample 
rates in excess of 200,000 samples per 
second. With an 900 kHz clock rate it will 
run at a modest 100,000 samples per second. 
Figure 3b shows an 8 bit digital to analog 
converter and low pass filter with similar 
capabilities. The estimated total cost for parts 
is $35, 

The analog to digital converter is a general 
purpose high speed 8 bit converter that can 
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be used for any data acquisition application 
requiring high speed. The technique used to 
attain this speed is called successive approxi- 
mation. The circular logic of successive 
approximation is best explained in a block 
diagram (see figure 4). 

Initially, the output of the Successive 
Approximation Register (SAR) and mutually 
connected digital to analog converter is at 
a zero level. After a start conversion pulse, 
the register enables the output bits one at 
a time starting with the most significant 
bit (MSB). As each bit is enabled, the com- 
parator gives an output signifying whether 
the amplitude of the input signal is greater 


Notes for Figures 3a, 3b and 3c: 


. All resistors are 1/4 W 5% unless otherwise 
indicated. 

. All capacitors are 100 V ceramic unless other- 
wise indicated. 

. With components shown, clock frequency is 
900 kHz. This is 100,000 conversions per 
second in free run mode. 

. The fallowing circuit can be added to each 
output pin of IC3 if a visual indicator is desired: 

. Clock rate is not critical. A slower clock of 100 
kHz (about 9 K samples per second) may be 
quite adequate. 
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than or less than the amplitude of the con- 
verter. [f the converter output is greater, 
that particular bit is set equal to O; if less 
than, it is set to 1. The register moves succes- 
sively to the next least significant bit (retain- 
ing the setting on the previously tested bit 
or bits) and performs the same test. After 
all the bits of the converter have been tested, 
an EOC is output and then the conversion 
cycle is complete. The entire conversion 
period takes oniy nine clock cycles, and 
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Figure 3c: Power supply 
circuitry for figures 3a and 
3b. 
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Figure 4: Block diagram of a typical successive approximation analog to 
digital converter. The device uses a dígital to analog converter to perform its 
function. The successive approximation register is initially set to O. After a 
start conversion pulse, the register enables the output bits one at a time, 
starting with the most significant bit (MSB). As each bit is enabled, the 
comparator gives an output signifying whether the amplitude of the input 
signal is greater than or fess than the amplitude of the digital to analog 
converter. If the converter output is greater, the bit in question is set equal to 
0. Otherwise it js set to 7. The process continues for the remaining bits until 


the conversion is complete. 
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another conversion begins on the next clock 
pulse when in free run mode. To retain 
the 8 bit value between conversions, an 8 bit 
register (IC3) has been added (see "Control 
the World," September 1977 BYTE, page 
30, for a complete description of MC1408 
digital to analog converter operation). 


Assembly and Testing 


1. Component types and values are chosen 
to allow high speed operation. Substi- 
tution of slower devices may com- 
promise overall performance. 

2. Assemble components on a prototype 
board as neatly as possible. Keep wires 
between components short and direct. 
The MC14559 is a CMOS device and it 
should be handled carefully. Sockets 
are suggested for all integrated circuits. 

3. Check power supply voltage before 
inserting integrated circuits. Then insert 
clock oscillator IC6. The clock fre- 
quency should be around 960 KHz. 

4. Insert the rest of the integrated circuits 
and ground the V input connection of 
IC4. Slowly rotate the zero adjust pot 
until the parallel output of IC3 reads 
binary 10000000. This output can be 
read either through a computer pro- 
gram which scans and displays this 
value or with LEDs attached to the 
output pins. In practice, the LEDs 
are easier in the long run. 

5. Remove the short on V input and apply 
a voltage of +2 V. Adjust the span 
adjust pot until the displayed output 
is 11111111. The result of this proce- 
dure is an analog to digital converter 
with an input range of —2 to *2V 
represented by binary 00000000 and 
11111111 patterns respectively. OV 
is represented by 10000000. Any 
voltage span between + and —5 V can 
be set on this circuit using this method. 

6. The digital to analog converter section 
should be assembled with the same 
care. Insert all ICs. With all parallel 
input pins at a logic zero level, adjust 
the zero pot until IC9 pin 6 reads 0 V, 

7. With all parallel input pins at a logic 1 
level, adjust the span pot unti! the out- 
put at [C9 pin 6 equals the * V setting 
of the analog to digital converter, or 
as in the example (2 V). 

8. The low pass filter in the schematic 
is optimized for the speech samples 
in the text, but can be experimentally 
determined. The optimum cut off fre- 
quency of the low pass filter should 
be the sampling rate frequency. (ie: 
10 kHz cut off for 10 kHz sample 
rate). 


9, The easiest way to test the entire unit 
is to attach the analog to digital con- 
verter output to the digital to analog 
converter input. What goes in should 
come out! Since both units would be 
running continuously at the 100,000 
samples per second rate, this will give 
the experimenter firsthand knowledge 
of the ultimate fidelity of the system. 
Don't expect miracles with an 8 bit 
unit; 12 bit units would be far superior, 
but 8 bit precision is more than ade- 
quate. A standard cassette recorder in 
the record mode serves as a handy 
amplifier. The amplified output is 
available at the earphone jack on most 
recorders. 


Using the Interface with a Computer 


Not everyone will want to add a voice 
to their home computer but the concept is 
none the less intriguing. Once you have built 
the analog to digital converter and digital 
to analog converter of figure 3 you are ready 
to digitize the spoken word. Listing 1 is a 
simple program that reads the analog to 
digital converter output and puts the values 
sequentially in a memory table. Hardware 
for the experiment should be arranged as in 
figure 1b. When the program is executed it 
will scan the input port containing the analog 
to digital converter information and will 
compare this value to hexadecimal A8 (when 
speech is started, the audio level will presum- 
ably exceed this trigger level). The amplifier 
should be adjusted to eliminate false trig- 
gering because of background noise. 

When the input level is attained, the 
digitization process begins. The program 
sets the beginning address of the memory 
table and sequentially reads the input port 
and stores the value. The rate at which the 
sampling occurs is determined by the value 
of a constant, “SAMP.” A value of hexa- 
decimal 38 is approximately 3 kHz on my 
Z-80 system. When the table is filled, the 
program stops. Al! programs in this article, 
while written on a Z-80, use only 8080 
instructions. 

Once the table is filled with digital values 
corresponding to a voice input, we are ready 
for the next phase: voice output. The hard- 
ware is configured as in figure 1b, and the 
output program shown in listing 2 should 
be used. The same values as those of the 
input program should be used for START, 
END and SAMP. When the program is 
executed, the recorded data gives a speech 
output. 

As with most computer experimenters, 
hearing is believing. To allow people to try 
out the concept without having to construct 


the analog to digital converter | have included 
a predigitized listing of a few words. This 
2000 byte listing (listing 3), will say ‘‘Talk 
to me" when read out using the program of 
listing 2. Since | could not presume that 
everyone had the patience to hand load a 
10,000 byte table with good fidelity, a com- 
promise was in order. The sample rate on this 
table is only 3 kHz, but the speech will still 
be understandable. It should also be realized 
that since this example of digitized speech is 
actually recorded sounds, the words “Talk 
to me" wiil be in my voice. The fact that 
| have a fairly low voice allows understand- 
able speech even at these very low sample 
rates. 


Listing 1: An 8080 assembler program that reads the 8 bit parallel output of 
the analog to digital converter and stores the samples sequentially in memory. 
This assembly uses octal notation for machine codes. 
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Ted P110 + 

120903 0120 * VOICE TO MEMORY TABLE TEST FRÜGRAH 3 

1200006 01450 £ S.CIARCIA 

[IV 0140 * 

poene 0:50 s 
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Listing 2: An 8080 assembler program designed to output digital speech sam- 
ples to the digital to analog converter at the correct rate. This assembly uses 
octal notation for machine codes. 
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build the analog to digital 33118 140 037 047 140 014 007 074 000 007 040 
33128 eno 327 245 000 237 O47 22 117 013 200 

converter. 33138 ols EE 060 017 047 020 077 017 074 077 
33148 017 140 177 15 141 130 137 120 120 077 

33158 oar 076 057 057 650 057 042 070 077 073 

33148 074 027 102 120 134 117 100 077 077 060 

33178 054 927 020 034 037 040 074 067 120 120 

34188 932 126 024 132 Oa! 130 077 oa? 130 077 

33198 107 100 027 022 120 130 200 120 120 134 

33208 104 140 or? 027 126 OF? ov? 071 077 oF? 

33718 100 077 027 100 074 077 070 ora 047 060 

JS3272H O70 oua? Qal 020 On, O40 070 057 050 ora 

33238 eua Dal 074 077 100 076 077 077 076 077 

3324H ora 074 027 047 020 077 047 074 077 047 

33258 LOG HERI oy? 100 Oe? OF? Log 077 or? 073 

S3748 G74 as? 101 n/d "EPI POL 126 027 027 100 

3327H 027 077 100 077 077 025 077 077 101 077 

33288 077 101 077 077 07 076 077 077 026 027 

33298 074 070 077 oa? 074 027 087 024 227 073 

33408 074 077 027 074 077 07? 073 077 077 075 

33318 077 0/7 073 076 077 071 076 022 070 074 

3133: OF? Oe | mA nh? Ul "FE 0457 dàl EE Dr 

i3 338 Du A O74 ney aod med 027 DE O74 Off oat 

33448 [UCET] n27 Oa? 044 "Tr a? ÜA ar? oes [EST] 

arang yee off Vot n2 [nd 1800 ny? Fr i01 [PERI 

ASASH aye 101 045 nz; 101 DEI oF? o2? 115 Oy? 

AMAL aye ELt nif n2 101 ng ov? 101 HERI [EFI 

43348 101 PE 077 or O76 977 073 078 027 077 

AadgvwHü 926 "r2 gee 074 ar? Of; [E] Os? or? ava 

3340A ore 024 0/4 oF? or 074 IZE TE 071 077 

AIALA OFF th nos da? vu OF 8 DAP oz 076 DA 

ERC Bar: | ü6ü ed Oh Hal "EF Od? 053 OF4 DAT O43 

33438 n Q4 Jad ord 9? ü71 ova 027 057 024 

43448 077 ba? ara TE Oa? 074 077 047 074 077 

33458 073 074 022 877 100 ar? or? 160 027 07? 

3344B TT 07A 677 Lü] 026 077 104 120 0/7 077 

33478 120 077 022 103 oF? 027 103 077 027 TE 

33488 1:6 or 077 110 077 027 075 077 027 076 

3a4vü or? 07; 074 072 077 071 074 077 071 074 

33508 077 071 076 "E 071 d76 077 071 075 077 

33518 Det 024 072 On? 074 027 ma 074 077 043 

13528 074 077 0&3 ora 072 oad 070 073 0&3 074 

33538 077 044 074 ar 0&3 074 077 087 074 027 

13548 047 074 027 047 070 077 047 070 077 073 

33558 100 077 077 100 077 077 101 077 077 073 

33548 170 oF? 027 110 077 077 110 077 027 120 

31578 027 077 110 027 07? 103 077 077 072 110 

14588 0/7 "E 100 ar 077 1600 077 07? 100 027 

33576 077 100 ar? of? Ora ory OF? 071 076 OFF 

33408 074 0746 nz? oz! a7? or? Hl 140 217 143 

33418 EP 057 O53 taa 077 013 040 077 naz 020 

33428 074 os? O40 027 OF? 101 ony 027 020 040 

31838 027 040 07? 143 120 027 077 120 136 077 

33448 107 n n7 Oe 120 137 147 140 n7? 077 

34458 120 134 077 150 130 077 120 074 07? 43 

33448 077 at? 92? oso oF} 123 974 074 021 030 

33478 Oi? oo? 070 [d O27 [E I6] OF? 127 140 137 

114806 137 200 150 927 040 040 037 920 036 017 

d357H nia nao on? Oe oS 130 077 107 140 137 137 

33708 140 144 147 TT 134 077 043 074 $47 040 

4371H O34 nay O44 OF 4 OFF inu 074 022 109 140 

13728 13? 137 140 134 077 020 074 047 970 07? 

33738 Ly? 111 170 oF? 121 IET 137 151 i74 154 

33748 117 074 074 047 040 037 017 020 003 000 

33758 ono 227 217 220 174 077 010 240 077 121 

33748 076 ai? ovo ova oy? OS) ord O27 noo ooo 

33778 062 000 060 017 147 320 274 147 040 077 

33788 or? 260 140 112 000 640 017 1m 140 167 

33778 gaa an OF O23 ona 000 00 noo 157 243 

33H08 340 250 107 010 134 157 00 130 O77 000 

33818 030 Da7 101 077 157 113 074 057 073 oso 

32828 002 ona 000 060 227 220 27? 227 103 077 

33H38 na? 140 160 147 Qai 040 217 040 050 977 

33848 073 150 137 127 Daa 077 043 020 007 001 

33858 000 034 147 200 230 17? 140 130 117 127 

33BaR 077 077 0*3 050 Q7 041 060 are 101 130 

A3HER Q77 107 tao GFF DAT 040 O34 a7 gat 037 

A3HBHHE Uu? 100 150 iar? 147 140 137 121 L120 077 

J33H9H 07a 070 97A O43 Dao os 053 toa oF? 117 

33706 120 120 ur; 041 070 PETI pàg 054 037 D71 
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More Advanced Applications digital mellud East, phuneme could be 
recorded separately and would occupy 
approximately 2K bytes. As in the analog 
situation, a separate conLrol program deter- 
mines how these individual phonemes are to 
be connected logether, Besides determining 
the type of phoneme 1o be used, the proc- 
essur must also create the waveform. Such 
à system uses much more memory and takes 
considerably more processing time than 
something like the Votraa, but it is equally 
às versatile a 


| don't want you to finish this article and 
think that digitized speech is as limited as | 
have represented it so far. It is possible to 
totally simulate the capabilities of an analog 
speech synthesizer with more involved soft- 
ware. If you realize that the analog synthe- 
sizer works by connecting strings of distinctly 
independent phonemes, it is not hard to 
consider that the same can be true for the 


Listing 3, continued: 


31918 134 152 15 146 Lae lies yah af? of? aro 
45928 074 047 050 070 05 074 027 117 1M 134 
439 18 OP? O74 O74 047 O4l qua ng? ago 060 077 
331948 120 140 157 133 140 07? 077 100 027 057 
34958 QAQ O40 Q43 060 024 Oo? 1600 D»? 117 121 
33948 077 ar? 061 064 037 04D ono 017 oat 076 
43978 077 140 15 154 122 128 027 oF? 070 074 
11?88 ae 040 deg PLE [Im ta DF lu IE 1a? 
41193 Lal oz DM ast Qu aed on angor nu, Jo! 
M008 pa ya? 144 124 MT IM plu [rond [LEA PES! 
4a LA wed (ua oud ond TRI trt TEES nes toe 1230 
140.'H n^ ETE! HP ie tba ate was MAL PE EA] dat 
3ap?!H Na? le 147 147 EN pan Nr pon TEE ne? 
14574H usd ocd art Q4- Qu RE TS mno mee? li? 
44008 pa as 077 Gia 072a gus i12, 0 TE Os? bad 
$4048 nm inh y 1.9 ba? [40 L4rr I die I? 120 
3407H Oa? dag 070 0$? QA ith un? an? 124 277 
3408] 1607 pon os? at 160 Wiad nu Dex e VB? 
EETOL EI Cag oa ore ba {aa 134 141 [MT ais 125 
SATE: 120 o. ed Aad uiy oae aa LTA Qu 2748 
34118 273 14/ 140 1434 ase ahi tho yas 240 2434 
14128 9207 001 Old 077 14 AIC | 428 144 120 137 
44138 o7 149 Or? Ge? Que ME 43a DAC 027 057 
34148 190 HFF 147 jago 140 Ores O44 Dad O47 240 
Jats QAL 027 00u oro aa? la 174 ME TI a? 140 
434149 137 or? rid O77? 027 oan [EI og? O41 224 
341"EH Di sO O74 bl? 144) ITI nite n24 024 397 
34148 047 ot 0417 Org 020 Oya one L/o 177 207 
44173 200 144 147 160 140 as PEE Dn a4? 041 
4408 0460 oval Dal ard aye Dün pats 1437 i? 276 
44216 O74 Ot? 040 017 043 aaa ole aoe QAD 170 
3420H 153 201 La 137 140 927 077 pz? 074 DM 
34248 041 Da0 057 Obs 0/4 p 101 12 Lis 143 
13748 126 077 047 05 0760 gas 041 Du? an? 040 
34258 o34 047 140 140 177 Teo bat 137 lol 2745 
3424B 077 067 070 027 DR KI Jap Du ÜA 274 027 
34278 104 140 140 127 100 usa sae GAŬ arg 047 
34786 2040 OL 047 a40 Q0 227 149 1*0 107 141 
34798 140 027 117 110 077 MEI aa nü oye 060 
34308 OFF 067 074 977 117 121 B34 OFF O43 970 
34318 o5? 041 070 O47 DER! O70 oar nal 074 29077 
$4308 121 160 176 141 120 Q?7 gi? 100 Q/7 057 
34338 080 070 047 050 076 de? L09 E 112 121 
34348 120 or? O53 070 nA? aaa D79 052 pál 960 
14358 057 al 120 147 147 ye E 107 120 077 
34348 077 O74 0746 Ob? O60 a? Oe ag 077 977 
34378 T 20 077 073 074 074 oad aro 057 053 
34388 070 057 04! ova oF? 1d Y 154 127 120 
34378 027 9027 100 077 or? 270 O74 gm? 040 oP? 
34408 077 120 12 ov? 071 070 074 060 070 037 
Saas Oa? 070 Ou? ál OFA ar? oad 140 137 133 
34498 140 130 077 100 Oe? oF? 071 nv? Oy? 043 
34438 075 087 060 074 57 040 070 oa? 040 070 
34448 027 140 140 156 137 140 077 077 100 077 
34458 047 060 052 043 040 074 047 100 027 072 
34448 100 027 or? 063 O76 On? oan 070 067 041 
34478 O74 027 100 077 077 103 1223 027 Li? 120 
34488 027 072 107 077 07? 07 074 07? 057 074 
34498 077 065 074 077 047 078 077 043 120 137 
34508 123 140 116 10? 100 977 Oa? 070 074 057 
34518 080 074 057 050 076 057 050 07? 057 070 
34528 074 047 070 074 077 100 977 077 107 077 
34538 077 07? 100 072 077 070 077 047 070 075 
34548 053 070 076 05? 070 076 04? 100 077 067 
34558 070 077 077 100 076 077 100 077 077 100 
34548 074 077 073 072 077 077 100 027 073 074 
34578 07? 073 100 072 072 119 077 072 100 077 
34588 077 077 027 077 077 100 027 077 110 027 
34598 07? 100 07? 072 074 077 077 100 077 077 
34508 101 027 077 O75 ard ay? gs5 nz4 077 643 
34418 074 077 047 075 077 ofl 076 07? 067 074 
34528 047 051 070 07? Oat 074 077 063 074 07? 
44438 053 024 077 047 0?0 077 047 070 027 043 
34648 070 "r2! O47 G74 077 ary? Loo Bf? 027 101 
34458 027 077 100 075 077 047 074 077 021 076 
34668 077 07? 076 077 or? 100 077 077 100 077 
34478 07? 103 120 022 101 120 077 103 120 072 
34688 07? 120 077 077 100 077 677 100 027 077 
34498 100 077 027 075 077 077 "T PEZ 077 073 
44708 074 07? 047 074 077 073 073 077 071 074 
34718 0??? 067 O74 0727 O43 070 Ged n53 070 OF? 
34778 O44 070 027 Od? 074 are ad? 074 07? Od? 
34738 074 027 057 070 077 087 070 074 047 070 
34748 576 077 070 O74 O77 160 OP? 077 023 077 
34758 977 073 974 07? 073 nie 02? 07? 120 077 
34748 07? 110 077 027 101 ar? 027 101 120 027 
3477B i03 110 077 6037 110 077 077 110 O77 077 
34788 100 07? 022 100 072 027 025 027 077 025 Next month: Keyboard 
34798 076 0277 075 O24 OF? Pe O74 OP? 07 074 " 
34608 077 082 670 07? "TE 674 077 973 155 014 Function Decoder. 
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Please post or circulate 


Make your reservations now for the 


BUSINESS & PERSONAL COMPUTER EXHIBITION 


ord Annual 
Computerfest’ '78 
June 23-25, 1978 
Detroit, Michigan 


Presented by the Midwest Affiliation of Computer Clubs 
24 Hour Computerfest™ Hotline phone number (313) 775-5320 


The Computerfest" '78 to be held in the ultra new Detroit Renaissance Center, Detroit Plaza 
Hotel, June 23-25, will feature a fuil scale three day business and personal computer exhibition. 
The Computerfest" will include useful information on how to computerize your business, home 
or office. Bring your walking shoes to cover over 100,000 square feet of convention facilities! 


Only $5.00 for all three days, or save 2096 now by pre-registering 
Deadline for $4.00 advance registration tickets is June 15, 1978 
Use coupon below to get 2096 pre-registration discount 


€ Stupendous Hobbyist Exhibits € Manufacturers Party 

0 Tours and Evening Activities € Technical Sessions 

€ Club Hospitality Suites e Giant Flea Market 

€ Special Club Meetings € New Product Displays 

6 Fabulous Programs © Seminars in computer 

Special events to feature: applications for: 
* Tours of automotive facilities Education, Business systems, 
* Saturday evening Detroit/ Computers for the Handicapped, 

Canada river cruise Graphics/Art, Automotive, 


Hobbyist, New Technology. 


Limited exhibit space is available! Mail this coupon and make your 
For convention booths contact: check payable to: 

Mr. Jim Rarus - Chairperson SEMCO/Computerfest" '78 
Computerfest" '78 Box 9578 - Department ERIC 

Box 9578 - Department PAT Detroit, Michigan 48202 U.S.A. 


Detroit, Michigan 48202 U.S.A. 


or call 24 hours (313) 775-5320 O send me .advance tickets at $4.00 each 
Cl please put me on your mailing list 

For convention advertising contact: O send me more Computerfest" information 

Mr. Ken Ascher - Advertising Director Cl send information on special hotel rates 

c/o Communications Electronics" O please send exhibitors information 

Box 1002 - Department DON 0 please send advertising information 


Ann Arbor, Michigan, 48106 U.S.A. 
24 hour Advertising phone (313) 994-4441 


1978 South Eastern Michigan Computer Orginizatian 
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William Hemsath 

Dept of Psychology 

Uris Hall, Corneil University 
Ithaca NY 14853 


James Seawright 

Visual Arts Program 
Princeton University 
Princeton NJ 08540 


Emmanuel Ghent 
131 Prince St 
Mew York NY 10012 


Mimi Garrard 

Mimi Garrard Dance Co Inc 
155 Wooster St 

New York NY 10012 


We recently developed an 8080 based 
composition and control system for theatri- 
cal lighting. This led us to the need for a way 
of displaying several time functions at once 
for examination and editing. Our system 
already made use of the Processor Technol- 
ogy VDM-1 display module, but the existing 
Character set made it necessary to devote the 
entire screen to the display of one function 
in order to have useful resolution. Several 
functions could of course be superimposed, 
but this was awkward to program and left 
much to be desired in visual clarity, 

Our first thought was to obtain a special 
read only memory integrated circuit to 
replace the control characters in the ASCII 
set with special characters consisting of a 
single scan line each, but the expense of this 
approach seemed impractical. Still, the 
improvement in resolution with such a 
character set was just what we needed, so we 
looked for other ways to modify the VDM-1 
circuitry to achieve this; the results are 
detailed below. 

Photo 1 shows our modified terminal 
with a typical display. Six functions of time 
are shown, each representing the brightness 
of a group of theatrical lights over a 5 
second time span. The brightness values are 
stored in memory as full 8 bit values and are 
scaled to the 26 possible display values. Two 
adjacent rows of 13 scan lines each make up 
the 26 line display for each function. A 
cursor indicates current time. The various 
timing marks, channel designations, cursor 
time value, etc, show that the normal text 
display mode of the VDM-1 is unimpaired. 

Photos 2a and 2b show a comparison 
between two variations of the basic display. 
Photo 2a shows the straight graphic mode 
with the cursor at a point in time and the 
value at that point shown in reverse video. 


A Theatrical Lighting 
Graphics Package 


Photo 7: The authors’ theatre lighting control graphics package in action. 
Six functions of time are shown displayed on a Processor Technology VDM-1 
video display. Each function represents the brightness of a group of theatrical 
lights over a 5 second time span. 


About The Authors 


William Hemsath was formerly chief of electronic design with Robert 
Moog's music synthesizer company and Is presently a design engineer and 
software specialist with Cornell University's Department of Psychology. 
James Seawright is Director of Visual Arts at Princeton University as well as 
the creator of electronically controlled sculpture. His wife Mimi Garrard has 
studied with Alwin Nikolais and is currently head of the Mimi Garrard Dance 
Company, a well known New York dance ensemble. She has been active in 
the design of new types of theatre lighting systems. Emmanuel Ghent is a 
composer in residence at Bell Labs and exponent of the GROOVE system, a 
computer driven electronic music studio, developed by Bell Labs. 
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(a) (5) 


Photos 2a and 2b. Two 
variations of the basic dis- 
play. Photo 2a shows the 
straight graphics mode 
with the cursor at a point 
in time and the value at 
that point shown in re- 
verse video. Photo 2b 
shows the numeric mode 
in which the cursor is 
replaced by the numerical 
value of the lighting 
intensity. 


Photo 3: Installation of the authors’ custom modification to the VDM-1 Photo 2b shows the numeric mode in which 
board. A small strip of breadboard containing the circuitry in figure 2 is the cursor is replaced by a block containing 
mounted with spacers on the back of the VDM-1 board. the actual stored value from 0 to 255 for 


greater accuracy in reading or editing. 

Before considering the modifications in 
detail, let's take a look at the operation of 
the VDM-1, referring to the partial sche- 
matic shown in figure 1. Character genera- 
tion is accomplished as follows: Characters 
in the current line of the display are fetched 
in sequence from the screen memory and 
latched in two 4 bit registers, IC5 and IC6. A 
scan divider, IC2, counts through the 13 
scan line values of each text line. These two 
sets of data are presented to the character 
generator read only memory, IC4, which 
outputs the correct pattern of seven dots for 
each scan line of every character. This pat- 
tern is parallel loaded into a shift register, 
IC3, when clocked by LOAD CLOCK, and 
clocked out serially by DOT CLOCK as the 
video output signal. Various gates and 
latches provide for blanking of certain char- 
acters or cursor blinking. 

Since we didn’t want to impair the nor- 
mal display of letters, numbers, or fre- 
quently used punctuation marks, we decided 
to use the control characters to override the 
operation of the shift register and to supply 
a single line of dots, only once in the genera- 
tion of a given character and on the scan line 
we want. One way of doing this is shown in 
figure 2. A new 7485 4 bit comparator 
(ICA) looks for agreement between the low 
order bits of a character and the current scan 
line value. In order to limit this to control 
characters only, 1C11, the contro! character 
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CHARACTERS FROM SCREEN MEMORY 


| 


C5 
TALS175 


CURSOR i 
BIT 


LATCH 


RS ns RS RS 
Side —Im 


BLINK 
LATCH 


SHIFT 
REGISTER 


ICI? 


jM [> 


CHARACTER 


IC9 (ROM) 


S LOAD Q CLR CLK 


TALSIT5 1 


E TO BLANKING GATES 
AND VIGEO OUT 


Figure 1: Partial schematic of the Processor Technology VDM-1 video display driver circuitry. 
Character generation is done by fetching the characters in the current line of the display in 
sequence from the screen memory in the form of 8 bit ASCII characters and latching them into 
two 4 bit registers, ICS and (C6. This data and the scan line data from [C2 are presented to 
character generator IC4, a read only memory circuit. The latter outputs the correct pattern of 
seven dots for each scan line of every character; this information is routed through shift register 


iC3 to become the video output signal. 


decoder, is modified to force a low state on 
the O output whenever the control character 
detector gate output goes high. (Contro! 
character blanking must be enabled with 
switch 6.) This modification will disable the 
automatic blanking from carriage return 
(CR) to end of line and from vertical lab 
(VT) to end of page, but if you're writing 
your own software this won't matter. Next, 
the control-character-low signal is inverted 
to enable the equals input of the 7485, and 
is ANDed with LOAD CLOCK in order to 
disable the shift register load when control 
characters are present. The comparator out- 
put supplies either a low (control character 


present, but not the one for the scan line 
where we are now) or a high (control charac- 
ter present and the right one for this scan 
line) to the serial input of the shift register. 
The video output will then appear as a blank 
or a line of dots, accordingly, when clocked 
out by DOT CLOCK. (The first circuit modi- 
fication we tried fed the output of the com- 
parator directly into the video line. This 
allowed the single scan line character to 
appear one character position too early. By 
sending the signal through the shift register 
it is delayed by one character position and 
appears in its proper place in the display.) 
The shift register serial input is normally 


CHARACTER 
DECODE 


s en 
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AUD GROUND 


Power Wiring Tabla 


X CUT TRACE 


CONNECT PIN IO 
TO PIN $——7. 


Cut 
TRACE X 


LOAD 
CLOCK 


Figure 2: Modification to the VDM-I circuitry enabling the software to 
generate single lines of dots when required for the theatre light control 
graphics package. The special display consists of two sets of adjacent parullel 
lines totalling 26 lines used to display lighting intensities as functions of time. 
Control characters are used to activate the new circuitry and produce a single 
line of dots only once in the generation of a given character and on the de- 
sired scan line. The new 7485 comparator (ICA) compares the low order 
bits of a character with the current scan line value and supplies either u low 
logic level output (indicating that a control character is present, but not the 
one for the current scan line), or a high level (control character present 
which is the correct one for the present scan line). The video output then ap- 
pears as a blank line or a line of dots, respectively. Normal operation of the 
VDM-I is not affected by these modifications. 


low, grounded in the unmodified VDM-I. 
When we don't have contro! characters in 
the character latch it will still be low, and 
LOAD CLOCK will get through to parallel 
load the shift register with the read only 
memory output, for normal text display. 

The additional circuitry may be mounted 
on a small strip of breadboard and attached 
by spacers to the back of the board, as 
shown in photo 3. Between the first and 
second columns of [Cs near the top of the 
board, just above the read only memory 
socket, are several small areas where ground 
is on one side and no traces on the other. 
Small holes lor spacers may carefully be 
drilled at this location. 
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ITHE A REGISTER CONTAINS TIE MUMBLE CP THE LTHE TO BR DISPLAYED 
-THF BC REGISTER PAIR RA INTS Tu THE UBPEH CHARACTER PORT] Ct 


BAR wo LA 
MUI HA iHi CONTAINS LINE NUMRER 
DAG H STABLE CONTAINS DOCBLE BYTES 


TAXI DTABLE GET ADDEBFTLR OF ODOORUP TABLE 


DAU be IHE POPAS Ter ENTRY Iu TABLE 

WM AM GET FIRST COHTROL CHARACTER 

ITAN n phir IM THE UPPEH CHARACTER Pos dT fou 
INX Lu ;POINT TG SECOWD CONTROL CHARACTER 
MON A.M iGET IT 

LXI n.o DPEOWEH CHARACTER POSITION [I5 

DAL! n (64 CHARACTERS BEYONO UPPER CONF 

"ues RES STORFE LOWER CHARACTER 


DTHE FIRST ENTRY TN THE TABLE IS THF ÇONTROL CHARACTEH FOR THE 
:UPPER CHARACTER POSITION IN THE DISPLAY. THE SECOND ENTHY IS 
FCR THE LOWER POSITION. 


TABLE: 08 OLH.O4H ;BOTTOM LINE (itl IS BLANK) 
Dh OLN, OSH 
DB OLH, QGH 
On OIH, UTH 
DB OLN, 08H 
BT DLH, OOR 
ou OIH, SAH 
DB ALH. ORM 
DB UIR, OCH 
DB QLH, GDH 
DE CaM, CEH 
UB JLH, AFR 
DB aln, GOH 
DB 046, 01H 
DB SH, nil 
Dh 06H, 01H 
DB UTH, OLH 
DB DAH. OLH 
Dh DYH OLH 
DB OAR, OLH 
Du OBM OH 
DB ÖCH, AIH 
Dh QDH, 01H 
DB (H,01H 
DB OFH 1H 
OB OAN, GIH ;TOP LINE 


Listing 1: Display software used with the 
theatrical lighting graphics pacRage. TABLE 
is d lookup table containing 26 pairs of 
control characters that turn on the proper 
line in a vertical pair of character positions. 


Programming 


The scan divider starts with a count of 0 
(top line of character) and counts down (0, 
F, E, etc), until it reaches a count of 4 
(bottom line of character). It is then reset 
and counts down again for the next text line 
of characters. This means that characters O1, 
02, and 03 will never appear as bars on the 
display since the scan counter never gener- 
ates these codes and the comparator can 
never detect them. Character 04 will light up 
the bottom line in a character position. 
Character OS will light up the next line up, 
and so on, Character OF will light up the line 
below the top line, and 00 the top line. 

In our display software we use a lookup 
table containing 26 pairs of control charac- 
ters to turn on the proper line in a vertical 
pair of character positions (note that the 
lower character position is 64 locations after 
the upper character position). Listing 1 
shows the display routine we usc. m 


Circle 143 an inquiry card. 


The world's best computer may be inside a Sperm Whale's head. 


The Sperm Whale has the largest brain of any creature that has ever existed 
on our planet. The brain of this 18-meter marine mammal weighs up to 9 kilograms. 
It uses echo-location to find giant squid at ocean depths of over 1,000 meters. 
More than 13,000 sperm whales are scheduled to be slaughtered this year 
by agreement of the International Whaling Commission. 


The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer, 
non-profit education and conservation organization dedicated 
to seeking the abolition of all whale killing. Any 
concerned citizen can help our efforts by sending 
name and address and a $10 or more contribution to : 
CCS, P.O. Box 145, Wethersfield, CT 06109. 


There are two mountain peaks 
of evolution on planet earth: 
on the land, homo sapiens- 
human beings; in the sea, 
cetaceans- whales, dolphins, 
and porpoises. 


Drawing by —— 7 
Dia Stevia d 


Sprin g into Season At last! No more wardrobe crises! BYTE T-shirts are here! 


Now you have the perfect garb for computer club meetings, 
2 5 Altair Conventions, playing Shooting Stars and computer 
with a BYTE T-shirt chess. (A pair of trousers from your own closet is suggested 
as an addition to the BYTE T-shirt. BITS can't do every- 

thing for you.) 


KE ANA ONU. 

E% EN V 27 1 BYTE T-shirts are of top quality 100% cotton or cotton- 

1 MOT. «4 Y TM polyester. The original design, by artist Judy Lee Rehling, is 
: silk-screened in red on white shirts with blue trim on collars 


and sleeves, or on blue heather shirts. 


5." 


BITS, Inc. Dial charge card orders toll free 1-800-258-5477. 
70 Main St. 
Peterborough NH 03458 
Please send me: extra large — blue heather 
— —large — — white with blue trim 
. medium and red letters 
— —small T-shirts @ 85.50 each 
oara postage and 
Total enclosed $$... andling). 


Bill MasterCharge No...  . .. Exp. Date 

Bill BankAmericard No Exp. Date 

Nome S AIL 
Ad dres s LL LLLLLLLÉÉÉ—————————————— 
city SSCS tate LLL Zip 

Signature. 


In unusual cases, processing may exceed 30 days. 
Prices shown are \iltiwn! to change without notice. 
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John Webster 

John Young 

Audio Visual Sarvices 
University of New Brunswick 
Keirstead Hail 


Fredericton NB CANADA E3B 5A3 


Listing F: The GRAPH 
program. GRAPH was as- 
sembled at 00 using Proc- 
essor Technology's ALS-8 
assembler. The notation 
$+ indicates a displace- 
ment of n beyond the next 
instruction | address. For 
example, {MP $* 5 indi- 
cates an unconditional 
jump to the address 6 
bytes along in the listing. 
Listing ! continues on 
pages 159 thru 163. 
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GRAPH: 


A System for Television Graphics 


in part Í. 


GRAPH ASSEMBLY LISTING 


ADDRESS HEX CODE LINE 
onga C3 9D 02 0001 
* HUME * 
0005 21 00 CC 
* CURSOR * 
0006 4E 0003 
0007 3A FR 03 0004 
DDOÀ ài 0065 
ODO 77 oote 
ono 54 F5 05 0007 
DOOF B7 nous 
0010 C2 8102 0063 
e STATIN * 
0013 DR 00 0010 
0015 tb 40 0011 
0017 CA 13 0D nal? 
* BATIN " 
001A DE 0] 0013 
anlc uU? 0014 
(01D 54 FO 05 0015 
0020 RO 0316 
0071 A7 0017 
0922 C3 C502 gals 
* pISPLAY * 
0025 70 0019 
0026 34 F7 03 0320 
00729 a7 0021 
002^ £2 3A 09 0022 
0020 23 (023 
002 3L DU 0024 
üasü BE 9025 
003} CA D3 00 0026 
0034 C3 06 00 0027 
* LINEFŁED * 
0037 OL AD 0028 
0039 fal 0029 
DOZA 13 4f 0D 0030 
003y 18 0031 
NOSF 3E DD 0022? 
0040 BC 0033 
0041 C2 46 DD 0034 
MUI 26 CC 9035 
O04 C3 06 DD 0036 
* LINE RETREAT * 
0043 DE AD ü037 
0048 71 0038 
DOAL 1i CO FF 0039 
DOuF 18 0040 
0050 3E CB ünul 


Last month, John Webster and John Young's article (page 62) on 
GRAPH, a television graphics package for the VDM-1 and other memory 
mapped video displays, began a discussion which we continue with the 
detail discussion of program functions. Listing 1 provides the detail 8080 
code for the program. We continue the table numbering sequence begun 


Di 
STARE JMP INIT 


Q002 HOME LXI H,OLCOUH 


CURSOR MOV C, 
LUA O3FBH 
ADU C 
MOV M,Á 
LOA Q5F5 
ORA A 
JZ REPT 


STATEN IN GO 
ANT O40H 
J£ STATIN 


DATIN IN OIH 
MOV B,A 
LDA Q3F6H 
ORA B 
“DY BA 
JP CTRLC 


DISP FOV MLB 
LDA O3F7H 
GRA A 
ANZ LFP 
INX H 
MI ALODOH 
tr? H 
J? HOME 
JMP CURSOR 


LEC MVI C, OAGH 
LF MON M,C 

LFP LXI D, O4GH 
UAD D 

MVI A ODOH 
CHP H 

JNZ $+2 

NWI H,OCCH 
JHF CURSOR 


ERC MVE C, QAOK 
LR MOY HC 

LRP LX] D,OFFCDH 
DAD D 

MVI A,QCBH 


Part 2 


Page Up 


Page Up, Page Down, Page Right and Page 
Left are some of the more complex sub- 
routines in GRAPH, 

Although the VDM-1 contains a scrolling 
feature which might, at first, seem useful for 
moving screen information up and down, it 
operates by changing the orientation of the 
display on the screen and not by actually 
moving data in memory. If, for example, the 
screen were scrolled halfway up or down, a 
character entered at hexadecimal CCOO 
would appear in the middle and not at the 
top. While this is a useful function in some 
driver applications, it does not allow infor- 
mation to be moved up or down on the 
screen and then stored away in its final con- 
figuration. Thus, to use GRAPH's store and 
recall functions properly, it is necessary to 
actually move data between memory loca- 
tions within the | K byte screen program- 
mable memory so that an image modified by 
a screen move up or down will be stored and 
recalled in its modified form. This function 
is useful for positioning complex drawings 
or charts which invariably turn out to be 
slightly off center when complete. 

As in most other routines, Page Up first 
moves the contents of C to the present char- 
acter position, thereby returning the screen 
to its original state and freeing register C for 
use, [he contents of H and L are stored at 
hexadecimal locations 3FF and 3FE for 
future use. Because our program is designed 


to co-reside with Processor Technology's 
ALS-8, and because this subroutine uses the 
stack pointer register, it is necessary to save 
the value of the stack pointer to allow a later 
jump back to the ALS-8. This probably 
applies to other resident monitors, too. 

To accomplish this, H and L are loaded 
with hexadecimal 0000, the Stack Pointer is 
added to H and L (SPHL), and H and L are 
stored (SHLD) at hexadecimal memory loca- 
tions 3FD and 3FC. 

H and L are then initialized to hexadeci- 
mal CCOO, D and E to hexadecimal 3C0, and 
the Stack Pointer to hexadecimal FFCO. The 
current character position is then hexadeci- 
mal CCOO. Next, the program moves M to B 
(move contents of hexadecimal location 
CCOO to B) and adds D and E to H and L. 
Thus H and L becomes CCOO + 3CO = hexa- 
decimal CFCO and this takes us to the first 
character position in the 16th line. (In Page 
Up and Page Down, information is moved on 
the screen by working in vertical rows rather 
than horizontal lines.) 

The data in hexadecimal location CFCO is 
moved to C, and B (old contents of hexa- 
decimal CCOQ) is moved to M (hexadecimal 
position CFCO). This causes a wrap around 
from top to bottom. The contents of C are 
then moved to B and the Stack Pointer is 
added to H and L (CFCO + FFCO = hexa- 
decimal CF80). At this point we compare H 
with hexadecimal CC to see if we are on one 
of the first four lines. If not (as in this case), 
we go through the cycle again: MOV M >C, 
MOV B > M, MOV C B, and jump up one 
line by adding the Stack Pointer. 

On the 13th cycle, H becomes hexadeci- 
mal CC. When H is compared with hexa- 
decimal CC, the answer is zero so the cycle 
is not immediately repeated as before. In- 
stead, L is compared with hexadecimal 3F, 
the last character position on the first line 
(hexadecimal CC3F). If L is greater than 
hexadecimal 3F the current position is in 
either line 2, 3 or 4. The cycle continues, 
checking L every time, since H is still hexa- 
decimal CC. 

If the current position is in line 4, then 
on the next cycle it will be in line 3, then 
line 2, and finally in line 1. At that point, 
when L is checked as described above, it will 
be less than hexadecimal 3F. Next, B is 
moved to M (which in this example will now 
be hexadecimal CCOO). The entire vertical 
row has now been shifted up, with the top 
wrapping around to the bottom. Finally, 
H and L are incremented (to hexadecimal 
CCO1), and the entire process is repeated for 
row 2. This is done 64 times, once for each 
vertical row. 

On the last (ie: right-hand) row, however, 
when L is compared to hexadecimal 3F, it 


AMUIBLSS 


agiz 
ds 
QS 
ange 


oan 


2 


BU 
gus 
goat 
ddr 
4i 
pnia 
JUGS 
Mb? 


eo raacadc 
c 
— 
P 


cococcocoozu 
^c ccc aoc 
= 
"e 


cL oI—c 

£C £5 5 f 6 
= D 

E es 


REY conf 


Bc 


3 «B 


CF 


3 f 


AQ) 


on 


ub 
LL 


Vi 


un 


Kd 


5 nd 


ng 


ug 


nr 


nn 


ul 


on 


uu 


* nn 


03 
LI 


03 
ce 
a3 


FF 


op 


*ORACKSPACE * 


“FEPNA SPACE * 


"LE * 


* PARE UP * 


Ha DERK * 


LIKE # 


0062 CHP H 
apa: JNZ $+2 
DUss DV] H,DCFH 
DD4S JAP CURSOR 


Bb4G BSC MVI C,OADH 
0087 BS MOV MLC 
gous BSP DCX H 

DOAS MVE A,DCBH 
DOSO CHP H 

DUSL JMZ $42 

052 IWI M.OCFH 
0053 JNP CURSOR 


ç 


0054 FSC Mv] C,OAOH 
güss FS MUY «,C 
OOGSG FSP IHX H 

0357 MOV A,4 

0658 CPL ODJOH 

ün58 JZ WOME 

OLD KP CURSOR 


O06) CR MGV MLC 
MOV A,L 
CPT Qu2H 
JHC $55 
My] L,ONOH 
JMP QUT 
MOV ALL 
CFI 080H 
JP $45 
L,080H 
JI? GUT 


1,00 

0079 QUT MY] A, ODOH 
CMP H 

JN CURSOR 
JMP HDME 


QOB3 Pll MOV M,C 
SHLD OSFEIE 
LX] HOU 

DAD & 

SHUI DZFCH 
0088 LXI H,0CCOOH 
LXI D, 03LOH 
0390 LXI D,DFFCON 
ü091 RDWU MOY B.M 
DAD D 
0053 LINEU Mv C, 
MOV M,B 

SOV B.C 

DAU & 
MYI A,UCCH 
u)38 CrP Ji 
0239 JMZ LINCU 
MVE ALUSPH 
QiD] CAP L 
X LINU 
J? ENDU 
MOV MLB 
0105 Nx H 
DIDL JHP ROKU 
Q0iD/ LADY MOV M,B 
LIL O3FCH 
SPHL 

LILI Q3FEH 
JPP LRF 


008% 


0132 PD V M,C 
SHLU OSFER 
LX] 4,00 

UAL 6 

SHLD O3FCII 
LXI H,OCFFFH 
LXI DOF C4OH 
LX] 6,050 
0120 ROW MOV B.M 
GAD D 

22 LINED OY C,N 
123 MOY M,B 

24 MUY B,C 

125 DAU 6 

126 MYI A,QCFH 
CHP H 

128 N7 LINED 
0179 MYI A,0CDH 
0158 CMF L 


ex00u0o0c-olco 
p 
BS 
~s 
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will be greater than hexadecimal 3F for 
three cycles, as above, but on the fourth 
compare it will be exactly hexadecimal 3F, 
instead of less, as before. 

At this point the program moves B to M 
(hexadecimal CC3F), loads H and L with the 
value at hexadecimal locations 3FD and 
3FC, and exchanges it with the contents of 
the stack pointer to restore the stack pointer 
address. 

Then, H and L are loaded with the con- 
tents of hexadecimal locations 3FF and 
3FE, which contain the values of H and L 
before Page Up was executed (ie: the address 
of the leading cursor before the page was 
moved up). Operation then jumps to a sec- 
tion of the Line Retract subroutine (LRP) 
which moves the cursor up one line to re- 
store its relative position on the screen. 


From Line Retract, operation returns to 
CURSOR. 


Page Down 


Page Down works the same as Page Up 
except that it starts at the lower right-hand 
position, hexadecimal location CFFF. It 
then moves up to hexadecimal location 
CC3F, or the upper right-hand corner, by 
adding D and E (hexadecimal location 
FC40). Then the MOVE cycle begins, 
moving information down vertical rows and 
finally arriving at the lower left-hand corner. 

To restore the leading cursor to its rela- 
tive screen position, the program jumps to a 
section of Linefeed (LFP) upon termination 
of Page Down. As explained above, Linefeed 
ends with a jump to CURSOR. 


Page Left 


Page Left commences in the same way as 
the preceding two subroutines by moving C 
to M, saving H and L at hexadecimal loca- 
tions 3FF and 3FE, and saving the stack 
pointer value at hexadecimal locations 3FD 
and 3FC. 

It then loads the stack pointer with hexa- 
decimal FFC1 (the value needed to move 
left one line length), D and E with hexadeci- 
mal 3F (the value needed to move right one 
line length), and H and L with hexadecimal 
CFCO (the address of the lower left-hand 
corner position). 

The cycle begins by storing the contents 
of hexadecimal location CFCO in register B, 
and adds D and E to H and L moving the 
present position to lower right-hand corner 
(hexadecimal location CFFF). It then moves 
the contents of this location to register C, 
moves the contents of B to this location, and 
moves C to B, the same procedure as that 
found in the Page Up and Page Down sub- 
routines. 


ADDRESS HEX CODE 
olal 
0104 


q 


107 


0108 
0183 


Q 
q 
G 
Q 


10c 
lon 
119 
HI 


Quas 


a 
Ü 
Ü 
g 


Q 
Ü 


Ü 
0 


3 


iu 
118 
lIR 


OME 


HF 


0122 


125 


128 


0128 


lat 


0120 


lt 


012F 


130 
131 
133 
134 
137 


CA OC Di 
D2 F4 Do 
70 
n 
C3 F2 00 
70 
2A FC 03 
F9 
2A FE 03 
C3 34 00 


71 
22 FE 03 
21 00 00 
39 
22 FC 03 
31 Ch FF 
11 3F 00 


4b 


BD 


3E 40 


BD 

CA D6 OL 
C3 8F dl 
2A FC 03 


* PAGE LEFT * 


* PAGE RIGHT * 


LIE 
0131 
0132 
0133 
0134 
0135 
0136 
0157 
0138 
0139 
0149 


Dini 
q142 
0143 
Ilat 
0145 
0146 
glar 
0143 
01493 
0150 
0151 
0152 
0153 
0154 
0155 
6156 
HEY 
0153 
0159 
0160 
0161 
0162 
0163 
D164 
0165 
0166 
0167 
0168 
0163 
0176 
0171 
0172 
0175 
al 
0175 
0176 
0177 
0178 
0173 
Q1£0 
0181 
0182 
0183 
9134 
0185 
C186 
0187 


0188 
(189 
0190 
Olt) 
0192 
0133 
0194 
0195 
0196 
0197 
9s 
0199 
0200 
0201 
0202 
0205 
0208 


9222 


it 
JZ ENDI 
JNE LIKED 
MOV M, B 
DCX II 
JMP ROND 
ENDO MOV A, i 
CHLD OZECH 
SPHE 
LHLD O3FEH 
JP LFP 


PLN M,C 
SILD O3FEH 
LXI HAQ 

DAD & 

SHLD O3FCH 

LXI G,OFFCIH 

Ux] D.OSFH 

LAL HL OCFCOH 

LiNEL MOV B.M 

DAD D 

BGHL MOV C.P 

AN A.B 

HN BC 

Ox tl 
PNL A, OCBH 
CAP H 
JZ ENDL 
MVE A,OSEH 
GPL 
JZ HERTL 
MYT ALQZFH 
CMe L 
Jz WEXTL 
Myl ALOBFH 
CUP L 
JZ HEXIL 
MYL A,OFFH 
(HP L 
JZ NEXTL 
JEP Bt. 

ENDL LHLO O3FCH 
SPHL 
LHL D3FÉH 
nv A, 
CPI 00 
J£ FEAL 
CPt Q8H 
J£ FEL 
CP| 080H 
JZ FIXL 
CP] OLDil 
AL FURL 
JKP BSP 

FIXL DAD D 
JF CURSOR 

HEXTL DAD b 
JAP LiNEL 


PR HOY S.C 
SHLD DSFEH 
LAT HOD 
LAD G 
SILD QSFCH 
Lat 6,D5FH 
LAT H,OCCSEII 
LXE D,OFFCIHI 

LINER MOV B,“ 
HAD D 

BGHR HOV C.M 
MOV ",B 
POW BC 
INX 
Wi A,0D0H 
CHP I 
Jz ENDR 
ARA A 
CNP L 
JZ NEXTR 
Mvi A,DACH 
CMP L 
JZ NEXTAR 
MV A, OSOR 
CHP L 
JZ WEXTR 
MY] 4, OCOH 
CHP L 
J£ BEXTR 
JMP BGR 

FHOR LHL OSFCK 
SPHL 
LHLU O3FEH 
HM ALL 
CP] 03FH 


Next, it decrements H and L and com- 
pares H with hexadecimal C8 to determine if 
this new value is still on ihe screen. When it 
is not, the operation is complete and the 
subroutine exists as explained later. However, 
if the new value is on the screen, L is com- 
pared with the hexadecimal values 3F, 7F, 
BF and FF, consecutively, to determine if 
the present cursor position is a right-hand 
end of a line. If not, the cycle is repeated 
by moving the contents of the line, space 
by space, to the left until the current char- 
acter position becomes one of the above 
mentioned right-hand end of line positions. 
This will mean that we have decremented 
(moved left) all the way through our present 
line, and then decremented once more, 
moving up to the right-hand end of the line 
above. When a right-hand end of the line és 
found, the subroutine adds the Stack Pointer 
contents (hexadecimal FFC1) to H and L, 
having the effect of moving the current char- 
acter position to the left-hand end of the 
new line. The value at this location is stored 
in B; D and E are added to H and L as be- 
fore, and the cycle continues, moving line by 
line to the left one space at a time. 

After the last screen memory location has 
been transferred, the decrement changes H 
from hexadecimal CC to CB. When this 
condition is sensed by an appropriate check, 
the program jumps out of the cycle. At this 
point, the subroutine restores the values of 
H and L and the Stack Pointer. H and L now 
contain the address of the leading cursor 
position before Page Left was executed. The 
cursor, In order to maintain its relative 
screen position, must now also be moved to 
the left. 

Part of the complexity of the above 
program comes from the fact that it was 
designed so that characters disappearing off 
the left-hand side of the screen reappear on 
the right-hand side and on the same line that 
they were on, rather than on the next line 
up, as in the case of a simple decrement/move 
loop. 

If the new leading cursor position is 
moved to the left off the screen, it should 
appear on the right-hand end of the same 
line. Hence, knowing the pre-"Page Left” 
value of the cursor, it is not sufficient to 
simply decrement it, since if the cursor is 
on the left-hand end of a line, it would 
appear on the right-hand end of the next line 
up, and its position would no longer be 
relative. To avoid this, the subroutine checks 
to see if the old leading cursor position is 
one of the four left end values (hexadecimal 
00, 40, 80, or CO) and if it is, then D 
and E are added to this value in H and L and 
this simply shifts the cursor position to the 
right-hand end of the same line. The pro- 


ALDRESS 
DED 
eito 
3-02 
C105 
In 
ulia 
DILL 
JI 
ip? 
DID 
MC 
du 


Jih 
NU 
JIUL 
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* PAGE STOPE * 


“AGE RELALL * 


* FEPEAT UCLAY * 


LINE 
0273 
mu 
0225 
220 
0227 
Hu 
ua 
mu 
(231 


(232 


0285 
[Su 
f245 
uzab 
uza/ 
(oua 
0249 
2511 
PAL 
n252 
11253 
62 
0255 
toh 
ae! 
O25 
uto 
ngu 
ul 
Qu? 
Dann 
[URS 
[RITE 
Ned, 
ete 


ji 
AF FIR 
CPL DIFE 
iZ FIAR 
CPL ORFF 
JZ FEAR 
CPL OFFH 
JE FIxR 
ARP FSP 

FIXR DAD. [i 
IAP CURSOR 


s NEXIR DAU E 


IAP LINFR 


5 PAGER SHLD O3F Iu 


"ov PE 

LX[ H OCCOOH 
“vI B,UDOH 
WI LOU 

LIA O3FSH 
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Ma C OICH 
KOVI “EN ALN 
SAX D 

[ax H 

Hua ti 

"nay 
CaP B 
HZ Uv] 
UA 
[HR A 
CPE JLH 
Ji RLSET 

JF PLUG 
RESET WI AU 
FLUG 51A GSP SH 
LHL USF SH 
HUW LM 

MVE ALUCLH 
STA Q3E AI 

PV] A.U 

STA USF aH 
FP STATON 


: uit. MVE Dua 


MP ro] 
TWU Md DOCH 
JM? Ou] 
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JMP FUV] 
LX| M, GCOOH 
BULEH 
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LX[ H,01022H 
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gram then jumps to CURSOR. If it is not a 
left-hand end of line position, program 
operation jumps to a section of the Back- 
space subroutine which moves Ihe cursor 
to the left one space, and displays it on the 
screen, 


Page Right 

Page Right is similar tu Page Left in pro- 
gram structure. The Stack Pointer is loaded 
with hexadecimal with O3F to move from 
the left to the right-hand end of a line. The 
D and E pair are loaded with hexadecimal 
FFCi, to move from the right to the left- 
hand end of a line, and H and L are loaded 
with a starting value of hexadecimal CC3F 
which is the upper right-hand corner of the 
screen. 

Operation causes the H and L value to 
shift from upper right-hand to upper left- 
hand by adding D and E, then simple incre- 
ment loops move operations to the right 
step-by-step. The Stack Pointer is used to 
move from the left to the right-hand side 
whenever a left-hand end of line is en- 
countered. 

This subroutine uses all registers in the 
same way as Page Left except that they are 
loaded with different values necessary to 
move characters to the right. In finishing 
this subroutine, the old leading cursor posi- 
tion is checked for a right-hand end of line 
value and, if true, this value is changed to a 
left-hand end of the line value, again by 
adding D and E and jumping to CURSOR as 
in Page Left. If the old leading cursor posi- 
tion is not at the end of a line, the program 
operation jumps to a section of Forward 
Space which moves the cursor to the right 
one space and displays it, while maintaining 
its relative position. 


Page Store 


Page Store is a memory block program 
which moves the present contents of the 
screen to one of several allocated memory 
secLors. This process duplicates screen infor- 
mation somewhere else in memory for later 
use without destroying the present screen 
information. 

Page Store and Recall require an addi- 
tional 6 K bytes of programmable memory 
to allow storage of six full screens of data 
for later recall. The number 6 was chosen to 
satisfy our needs, but could be easily modi- 
fied to any number up to 256 depending on 
available memory. Note: to expand the Next 
Store operation to define more than six 
memory sectors, additional control. checks 
are needed in the Control/W section. Screen 
storage locations are addressed in GRAPH 
to reside in the area from 2K to 8K in 
programmable memory. If they are to be 
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addressed elsewhere, it is only necessary to 
modify the start and end locations for 
each 1 K sector in the Store routine (see the 
Addressing and Memory Requirements Sec- 
Lion). 

A status word in hexadecimal memory 
location 3F8 is used as a counter to choose 
which sector is being accessed. The data in 
hexadecimal location 3F8 is initialized to 
zero at the beginning of the program, incre- 
mented every time a store is made, and 
checked by the program to determine where 
the next screen should be stored. Control/W 


allows this counter to set to any number 


from O to 5. This specifies one of six loca- 
tions to which the next "STORE" will move 
the screen information. Otherwise, it will 
cycle automatically. 

The information stored in each sector is 
recalled to the screen with a block move by 
entering. Control/P followed by a number 
from 1 to 6, The information in the storage 
sector remains valid until written over by 
another store to that location. Thus stored 
information may be recalled as many times 
as desired. 

The main block move operation in Page 
Store is also used by Page Recall, which 
changes certain parameter registers in order 
to move the information stored somewhere 
in memory back to the screen. 

Upon entering the Page Store subroutine, 
the contents of H and L are stored at hexa- 
decimal locations 3FA and 3F9. The con- 
tents of C are moved to the screen to restore 
the screen to pre-"leading" cursor state. 
Then, H and L are loaded with the screen 
starting hexadecimal location CCOO, and B is 
loaded with the most significant byte of the 
first invalid location after the screen (hexa- 
decimal DO), 

Next, register E is loaded with zero for 
subsequent use with D, as a register pair. The 
accumulator is loaded with the contents of 
hexadecimal location 3F8, (a number from 
0 to 5 denoting which of the six blocks in 
memory will contain this page). 

To determine which of these six blocks 
is indicated, the accumulator contents are 
compared with these six numbers (0 thru 5), 
and a subsequent jump is made to a location 
governed by the results of the comparison. 

If hexadecimal location 3F8 is found to 
be zero, the program loads register D with 
the most significant byte of the starting 
location of the memory to be used to store 
the screen information (hexadecimal 08). 
The actual move cycle then begins. 

If the value is 1, 2, 3 or 4, the program 
jumps cause D to be loaded with the respec- 
tive memory block starting address's most 
significant byte (hexadecimai OC, 10, 14 or 
18). If the value is 5, no jump is encountered, 
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but D is loaded with Lhe appropriate value 
(hexadecimal 1C) at the next sequential 
program step. 

After D is loaded, D and E are used as a 
register pair (E = 00}. The move cycle moves 
the memory contents of the position speci- 
fied by H and L to the accumulator (MOV 
A,M). This value is then stored in memory at 
the location indexed by D and E. 

Next, D and E, and H and L are incre- 
mented, and the value of H is compared with 
the value in B (first invalid location) to see if 
the new value of H and L is still a valid 
screen position. If so, the cycle is repeated. 
When the comparison of H with B indicates 
that the new value of H and L is no longer a 
valid screen position, the entire screen has 
been transferred. 

At this point A is again loaded with the 
value at hexadecimal location 3F8, the page 
store select number {0 to 5). This value is 
incremented and checked to see if it is equal 
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to 6. If so, the accumulator is loaded with 0 
and stored at hexadecimal location 3F8. If 
not, the value in A is stored at hexadecimal 
location 3F8 unaltered. 

The next time Page Store is entered, the 
page store select number will indicate that 
the screen is to be stored at the next mem- 
ory block higher than the last screen was 
stored at. However, as described above, if 
the last screen is stored in page 6 (memory 
block 6, indicated by a 5 in this location) 
the program will have reset the location to O 
so that the next screen stored will be stored 
in page 1. 

After the page number value has been 
determined and stored in hexadecima! loca- 
tion 3F8, H and L are loaded with their 
original prestore value (from hexadecimal 
locations 3FA and 3F9), and the value of M 
at this position is moved to C for use in any 
subsequent subroutine. Hexadecimal loca- 
tions 3FA and 3F9 are then loaded with 
CCOO for subsequent use by page recall. 
Next, the program jumps back to the status 
input (STATIN) of the driver program. 
Hence, no cursor is on the screen after a 
store. This is a good way to see if you have 
already stored the present screen. A Page 
Store blanks the leading cursor. 


Page Recall 


Page Recall can be entered at six points, 
depending on which page the operator 
decides to recall. At cach entry point, H and 
L are loaded with the value of the starting 
address of the page or block desired to be 
recalled, and B is loaded with the most 
significant byte of the first invalid address 
after this block of memory to be recalled. 
D and E are loaded with the screen starting 
location (hexadecimal CCOO0). Then A is 
loaded with the value of hexadecimal loca- 
tion 3F8 (the Page Store select value), 
decremented by 1 and deposited in hexa- 
decimal location 3F8, since later on in the 
program it will be unavoidably incremented. 
(Thus a decrement followed by an increment 
leaves the Page Store select value at its 
original value.) 

With D and E holding screen locations 
and H and L holding the page in memory 
locations, moving information indexed by H 
and L through the accumulator to posi- 
tions indexed by D and E in effect moves 
information from the page in memory to 
the screen, Since the moves are accomplish- 
ed by the move cycle in the Page Store 
routine, the program operation now jumps 


to this cycle, which operates as described 
in Page Store. The result is that the selected 
page in memory now appears on the screen. 

Notice that, when the move cycle in Page 
Store is used by Page Store, hexadecimal 
locations 3FA and 3F9 are used to contain 
the address of the present leading cursor 
position of the page being stored. When the 
move cycle in Page Store is used by Page 
Recall, these locations contain hexadecimal 
CCOO to initialize the cursor on the recalled 
page. Also, as in a Page Store, no leading 
cursor appears on the screen. Hence, a Page 
Recall will set the cursor position to the 
upper left-hand corner of the screen, even 
though the cursor is not visible, until some 
other function is executed. 

Users who do not have a hard copy out- 
put device in their systems may find a way 
to use the Page Store and Page Recall 
routines outside the GRAPH program. 
Running BASIC or even an assembler or 
editor with only a video terminal means 
that you often run information off the top 
of the screen that would be useful for later 
reference, Resident Page Store and Recall 
subroutines might help to reduce this 
problem. If the BASIC input routines, for 
example, could be modified to incorporate 
control character checks for Page Store and 
Recall, these routines would be called to 
store the existing screen without interfering 
with the program currently running in 
BASIC. This approach would be cumber- 
some (unless universally accepted) because 
all the higher level programs would have to 
be modified separately. 

Other alternatives might incorporate 
interrupts to exit from main programs that 
reside above the 8080's RST addresses, or 
even some sort of parallel processor that 
would "preprocess" input data and route it 
either to special service routines or to the 
main program. 


Repeat 


Repeat simply loads hexadecimal location 
3F5 with hexadecimal 80 and jumps back to 
STATIN in the Driver. Hexadecimal location 
3F5 is subsequently reset by the program as 
soon as a second key after CTRL/R is 
pressed, as explained in the Driver section. 


Vertical Write 


When the control check subroutine 
recognizes the code for vertical write, it 
loads the accumulator with the contents of 
hexadecimal location 3F7 (which determines 


System Clear 


When a CTRL/W followed by a Clear is 
detected in the Control Check Section, a 
jump is made to INITialize and all system 
parameters are initialized. The screen is 
cleared and the cursor is moved to the upper 
left-hand corner. 

System Clear is designed to be accessed 
by pressing CT RL/W and then Clear, to avoid 
accidental use, It is, however, occasionally 
handy to be able to reinitialize the entire 
program. 


Clear Screen and Home Cursor 


When only the Clear key is pressed, the 
program jumps to CLEAR. This clears the 
screen and returns the cursor to the upper 
left-hand corner. Memory status words are 
unchanged. 


Home Cursor 


When a CTRL/X is detected in the 
Control Check section, the program jumps 
to Home, which returns the cursor to the 
upper left-hand corner but does not affect 
the screen contents or the memory status 
words. 


Escape 


When the escape key (ESC) is pressed, it 
is detected by the Control Check section and 
a jump is made to hexadecimal memory 
address 345 where the program receives 
instructions for exit from GRAPH (see 
Program Function and Use). 


Addressing and Memory Requirements 


In its present assembly, GRAPH resides 
in hexadecimal memory locations 000 thru 
3FFF and is designed to drive a VDM-1 
addressed at hexadecimal CCO0. VDM-1 
status port (to reset scrolling) is addressed 
at hexadecimal C8, 

In addition, six 1 K byte memory sectors 
are set aside for the STORE and RECALL 
functions (see table 3). 

A keyboard inputs status information to 
iO port OO (data present = bit 6 set) and 
data to IO port O].m 


A 300 bps cassette of GRAPH in Kansas 
City, BYTE or Cuter formats with a CUTER 


header is available for $5 (cash or money order) 
from UNB Audio Visuai Services, UNB, 
Fredericton NB CANADA E3B 543. 


Hexadecimal 
Locations of Begin 
Address in GRAPH 

Program 


Hexadecimal 


Sector Beginning Address 


1000 239, 263 (10) 


202, 278 (1C} 


if the program is in the vertical write mode). 
It then adds the value 80 to the accumulator 
and deposits the result back into 3F7. This 
has the effect of alternately loading that 
location with hexadecimal OO or 80 every 
time this routine is entered, Thus, one stroke 
of the appropriate key (CTRL/Q) puts you 
in the Vertical Write mode, and another 
stroke takes you out of that mode. Opera- 
tion then jumps back to STATIN in the 
Driver. 


Cursor (On/Off) 


This operation works exactly the same as 
Vertical Write by alternately loading hexa- 
decimal location 3FB with hexadecimal 00 
or BO. 


Cursor Write/Don't Write 


Cursor write/don't write works exactly like 
Vertical Write, alternately loading location 
hexadecimal 3F6 with hexadecimal 00 or 80. 


Next Store 


When a CTRL/W and a number from 1 to 
6 are detected (see Control Check Section), 
the Next Store routine is entered. This 
routine is actually only a series of compari- 
sons in the Control Check Section which 
compare the input character with several 
ASCII hexadecimal values. For example, 
after CTRL/W and a numeral 1 are entered 
from the keyboard, the data input to the 
computer is hexadecimal 31. in this case a 
CPI 31 instruction would route the program 
to instructions that would load status word 
hexadecimal memory location 3F8 with 
hexadecimal 00, and when 3F8 is checked 
by the next STORE operation, it would 
store page 1 in the first memory sector. 
Entering a 3 would be detected by a CPI 33, 
which would load 3F8 with hexadecimal 02 
and set up the next STORE operation for 
page 3. 


Hexadecimal 
End Address 
Plus One 


0800 22F, 249 (08) 0C00 
0cO00 234, 25B (OC) | 0000 — | 
‘ 1400 


1400 73E, 258 (14 
243, 273 (18) 1C00 


Hexadecimal 
Location of End 
Address in GRAPH 
Program 


248 (0C} 
25D (101 


265 (14) 


26D (18) 


275 (1C} 


270 (20} 


Table 3: Six i K byte 
memory sectors which are 
set aside for the STORE 
and RECALL functions. 
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Audio Processing 


with a Microprocessor 


There is a lot of talk about digital audio 
processing, but talk is not the same as 
practical action. As the prices of micro- 
processor systems and interface devices 
continue to drop, such applications are sure 
to become quite common, even among 
amateurs. This article describes a few of the 
possibilities of the use of a small low cost 
microprocessor system for digital processing 
of audio signals. The effects described in- 
volve echo, reverb, fuzz, time delay, phase 
phlanging, mono-to-enhanced-stereo conver- 
sion, and frequency multiplication. These 
effects could also be quite useful for the 
experimentally inclined audio enthusiast or 
music group. 


Hardware Requirements 


To run the programs given here, you will 
need a 6502 (or equivalent) processor with 
from 1 K to 5 K bytes of programmable 
memory, an & bit input port connected to 
a fast 8 bit analog to digital converter 
(ADC), and a latched 8 bit output port 
connected to an 8 bit digital to analog con- 
verter (DAC). An additional output port and 
digital to analog converter are required for 
stereo applications. The basic hookup for 
a simple monaural system is shown in figure 
1. The signal from the preamp is amplified, 
low pass filtered, converted to digital by the 
analog to digital converter, processed in the 
microcomputer, converted back into: analog 
by the digital to analog converter, and then 
filtered some more before going to the 
power amp. The success of such a system in 
audio processing depends upon its ability to 
operate at ultrasonic speeds; that is, the rate 
at which the audio signal is digitized, 


processed, and output must (or should) 
be as far above the upper limit of the audio 
spectrum as possible. Thus the speed of each 
of these steps is critical, We'll consider each 
step individually. 

Next to the micracomputer itself, the 
analog to digital converter is really the most 
critical component. It must be a fast one; a 
conversion time of 50 us or /ess is necessary 
to allow sufficiently high sampling rates. 
| have been using a Datel Model ESHBI, 
an 8 bit successive approximation analog to 
digital converter with a 4 us conversion 
time (available from Datel Systems Inc, 
1020G Turnpike St, Building S, Canton 
MA 02021, for $85 in unit quantities). | 
recommend this unit. Its conversion time is 
probably faster than you will need, but at 
least you won't have to buy a new one when 
microsystems get faster (as they certainly 
will). In addition to speed, the Datel analog 
to digital converter has two other features 
you should look for in a converter, First, it 
is bipolar, which means it is capable of 
accepting both the positive and the negative 
excursions of the audio waveform. Other- 
wise, you would have to add some offset to 
the incoming signal. (The programs in this 
article assume offset binary coding.) Second, 
it c/ips on overload rather than wrapping 
around. That is, if the input audio signal 
exceeds the dynamic range of the analog to 
digital converter, the digital output simply 
stops at full scale rather than wrapping 
around or folding back to zero. The reason 
this is a useful feature is the fact that an 
audio signal contains many peaks and 
transients which greatly exceed the average 
signal amplitude. With only an 8 bit system, 
there is really no way to keep these transients 


from exceeding the range of the converter, 
at least occasionally; if you try to prevent it 
by adjusting the average amplitude to a very 
low level, you'll get too much quantization 
noise. Clipping the peaks may offend the 
audio purist, but I'll guarantee you that it 
sounds a /ot better than wrapping around. 
Of course, a better solution would be to 
use 12 bit converters and a 12 or 16 bit (or 
faster 8 bit) computer. Sufficiently fast 12 
bit analog to digital converters are available 
for about $150, and 12 bit digital to analog 
Converters are typically about $30. But 
without a 12 or 16 bit processor, all proc- 
essing would have to be done in double 
precision, which might slow things down too 
much (unless you have a 4 MHz 6502, which 
| do not). Anyway, an 8 bit converter which 
clips is good enough for the time being. 

Selection of a digital to analog converter 
is much easier, since several fast, low cost 
8 bit units are available. The digital to analog 
converter needn't be bipolar, since a DC 
blocking capacitor can be added easily. The 
Hybrid Systems 371-8 at $10 is a good 
choice, as is the Motorola MC 1408L8 at 
about $5. I’ve used both successfully. The 
Hybrid Systems unit is more convenient 
because it has a built-in reference supply, 
while you will have to supply an external 
(2 V) reference for the Motorola unit. This 
must be very well filtered but not necessarily 
well regulated for audio applications. (An 
advantage of the Motorola units is that they 
can be used as multiplying digital to analog 
converters. If you drive the reference input 
of one converter from the output of another 
converter, then the output of the first con- 
verter will be the product of the digital 
inputs to the two converters. This allows 
you to obtain automatic level control, 
compression, expansion, fading, and ampli- 
tude modulation effects without relying on 
much slower software multiplication rou- 
tines and without getting into trouble with 
quantization noise.) 

As for the processor itself, almost any 
6502 system should do with the examples 
I've included in this article: KIM-1, jolt, 
Ebka, OSI, PAIA, Apple-Il, PET 2001, etc. 
I’ve used both the Ebka and the OSI systems 
with good results. OSI has a particularly 
convenient analog IO board (Model 430) 
which can be populated with two MC1408L8 
8 bit digital to analog converters, an 8 bit 
analog to digital converter, and their associ- 
ated latches and address decoding logic. The 
OSI Model 430 analog to digital converter 
circuit is of the synchronous tracking (up- 
down counter) type. Be warned, however, 
that this analog to digital converter wraps 
around on overrange. It also requires some 
individual tweaking of component values to 


get it to work. If you want to use the OSI 
430 board, | strongly recommend that you 
replace their analog to digital circuit with a 
better one, such as the Datel EBHBT. Other 
than that, the OS! board is just fine. 

One very important concept which you 
must understand is the relation between 
sample rate, aliasing, and low pass filter- 
ing. If you don't understand these terms 
and their significance, then before you 
go on you should read the article by Hal 
Chamberlin on page 62 of the September 
1977 issue of BYTE. For the programs 
presented in this article, the sampling rate 
will fall between 20 and 40 kHz with a 1 
MHz processor clock frequency, assuming 
you are using a sufficiently fast analog to 
digital converter (less than 50 us sampling 
time). To control aliasing, you have to roll 
off the high frequency response of the input 
signal to the analog to digital converter at a 
frequency no higher than about 1/4 of the 
sampling frequency, ie: about 5 kHz for a 
20 kHz sampling rate. This may not sound 
much like "hi-fi," but actually it sounds 
better than you might think. For better 
highs, you need faster processing and may- 
be a faster input converter. The 6502 is 
pretty good in this respect; it's available in 
versions at least up to 4 MHz. This would 
give you a sampling rate of 80 to 160 kHz 
for the programs given here and would ex- 
tend the highs to the 20 to 40 kHz range. 
Now, that's a high fidelity computer! 

The sampling rate therefore determines 
the frequency at which the response of the 
system must be rolled off (by means of 
appropriate low pass filters) in order to re- 
duce aliasing to a tolerable level. In the 
simple circuit of figure 1, the only roll off 
is that provided by the capacitors in the 
feedback loops of the two op amps. Al- 
though this circuit is satisfactory for ex- 
perimental purposes, the cutoff rate of the 
high frequency rolloff is not sharp enough 
for first class results. If you're really serious, 
you'll want more sophisticated, sharp cutoff 
filters. Hal Chamberlin gives the circuit of 
an excellent filter in his article in Sep- 
tember 1977 BYTE, mentioned  pre- 
viously. The unpopulated printed circuit 
board, as well as an assembled and tested 
unit, is available from Hal. The cutoff fre- 
quency of this filter is 3 kHz, probably too 
low if you have a reasonably fast processor, 
so you might want to modify it or roll your 
own based on the designs in Don Lancaster's 
Active Filter Cookbook or other reference 
sources. Only one sharp cut filter is needed, 
between the preamplifier and the input ana- 
log to digital converter, to reduce aliasing. 
The filter on the output, between the digi- 
tal to analog converter and the power 


fune 1978. . 8 Y TE Publications Inc 


167 


Figure 1: The system design of an audio processing test bed requires two simple peripheral devices and a computer. The input 
device is an analog to digital converter (ADC in this diagram) preceded by a filter. The output device is a digital to analog 
converter (DAC in this diagram) driving another filter. Source material from (for example) a broadcast program is input through 
the ADC, processed in real time by the program in the computer, then output in real time to the DAC where it (for example) 
goes to your audio power amplifier and speaker system. The program in the computer can be as simple as an unprocessed trans- 
fer from input to output, or as complex a transfer function as the constraints of real time will allow, given the speed of the 
computer. 
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amplifier, needn't have as sharp a cutoff, 
but it should have the same cutoff frequency 
as the input filter. For the simple filters 
in figure 1, the cutoff frequency is equal 
to 1/2mRC, where R and C are the values 
of the feedback resistor and capacitor, 
respectively. 

One last thing to consider about the hard- 
ware is the level (amplitude) of the audio sig- 
nal. In order to avoid excessive quantiza- 
tion noise, the input signal must be amplified 
enough to utilize the whole dynamic range 
of the input analog to digital converter. In 
figure 1, the first op amp provides gain in 
addition to filtering. The gain of this ampli- 
fier, which is equal to R2/R1, will have to 
be adjusted for your particular system. 
Given choices of R and C for filter cutoff, 
R4 can be chosen given a desired gain level. 
For example, if your preamp provides a 
maximum output signal of 0.2 or 1 V peak- 
to-peak, and your input converter has an 
input voltage range of 5 V (10 V peak-to- 
peak), then a gain of 10 V/1 V = 10 is 
appropriate. Also, the maximum output sig- 
nal of the digital to analog converter must 
not be allowed to overload the power ampli- 
fier. This will dictate the selection of the 
feedback resistor Rg of the output op amp 
in figure 1; the output voltage is directly 
proportional to the value of this resistor. 


Software Considerations 


So what about the software? First, let's 
see how to get data in from the input con- 
verter and out to the output converter 
without any processing at all. If your analog 
to digital conversion device (which | reference 
symbolically as CONV) is connected to an 
input port whose address is F800, then to 
load one sample of the audio signal into the 
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where 


f. is cutoff frequency (kHz) 


R is kilohms 


C is microfarads 


accumulator (A) register of a 6502 requires 
one instruction, thus: 


LDA CONV 


This is all you need if you're using a 
tracking converter such as that on the OS] 
board, but if you're using a strobed con- 
verter, you'll have to give the converter a 
strobe pulse first, allow it time to convert, 
then load the A register. The fastest way 
to do this is to assign the input conversion 
strobe to an unused address, decode that 
address, and use the address select line 
(address "strobe," as it is sometimes called) 
as the pulse which strobes the converter. 
| have used the latter approach for my 
strobed analog to digital converter and have 
(arbitrarily) assigned address ECOO (which I 
call STROBE symbolically) to the address 
strobe. With this arrangement the converter 
is strobed by any instruction which refer- 
ences that address; for example an STA as 
shown here: 


STA STROBE 


several instructions executed 
while conversion occurs, 


LDA CONV 


The above routine strobes the converter and 
then loads the data into the A register. The 
dashes represent intervening instructions 
which take up enough time to allow the 


analog to digital converter to complete its 
conversion. This will always be a useful 
code, rather than just no operation in- 
structions (NOPs) or a wait loop. Conversion 
times of commercial analog to digital con- 
verters vary all over the place. As | men- 
tioned before, for audio processing you'll 
need a fast one which converts in a time of 
50 us or better. Just make sure there are 
enough instructions between referencing 
STROBE and the loading from CONV to 
give the input converter time to convert. 

To output one sample to the digital to 
analog converter (called DAC symbolically) 
is quite simple. For example, if the converter 
is connected to an output port whose ad- 
dress is F900, then all | have to do is store 
the sample: 


8D 00 F9 STADAC 


To test the proper operation of the in- 
put and output converters we can write a 
"straight wire" program which simply trans- 
fers the data from the input to the output 
without change. Listing 1 shows 6502 posi- 
tion independent code for such a program. 

Note that the input conversion strobe in- 
struction is placed right after the load CONV 
instruction. This may seem backwards but 
it gives the analog to digital converter a 
total of seven machine cycles (an STA and 
a JMP) to convert before it will load into A. 
On a 1 MHz machine, this means the con- 
version time could be as long as 7 us. If your 
converter is slower than this, put some NOP 
instructions or a wait loop right before the 
CLC instruction. The other programs in this 
article execute much more code between 
strobing and loading the input analog to 
digital converter and will usually allow you 
to get by with no additional instructions 
intended specifically to slow down 
execution. 

The program of listing 1 is good for test- 
ing out the hookup to your audio system. 
The sound quality of music played ‘‘through 
your computer" this way may be better than 
you would expect, considering that the 
audio waveforms are being sliced up into dis- 
crete samples, converted into binary num- 
bers, and then converted back into an analog 
audio waveform! 

So what kind of audio processing can you 
do? I'll resist the temptation to say that the 
applications are limited only by your imag- 
ination. They are not, They are limited by 
your programming skill, your processor 
speed, and your system's programmable 
memory capacity. You can never have too 
much of these. I'll not claim to have even 
scratched the surface of potential applica- 
tions in this article. I'll just tell you about a 


AD 00 F8 START LDA CONV get new data from converter 


8D 00 EC STA STROBE strobe input conversion 
8D 00 F9 STA DAC output to DAC 

18 CLC unconditional 

90 F4 BCC START branch to START 


Listing 1: A 6502 "straight wire” program loop. In order to simply listen 
to the input data on the output channel without any processing, we must 
enter a tight machine coded loop which reads the input converter, then stores 
the input data into the output converter. This 6502 program assumes an in- 
put digital to analog converter at address space location F800 (CON V), an 
input conversion strobe which occurs on reference to address space location 
ECOO0 (STROBE) and an output digital to analog converter at location F900 
in address space (DAC). These same assumptions about IO apply to listings 
2 thru 6 as well. With hardware like figure 1, try running this program using 
an audio signal from your favorite record album. The results will probably 


be of higher quality than you might have expected. 


few things I’ve done, mostly because they 
were easy to program. If you don't come 
up with better ideas than these I'll be 
disappointed. 


Waveform Modification 


A very easy class of audio processing 
functions are those which are intended to 
distort the audio waveform. Believe it or 
not, distortion is actually considered desir- 
able by musicians in some cases for obtain- 
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AE 00 F8 START LDX CONV Put converter data into x register 


ap 00 EC STA STROBE Strobe converter. 

BD 00 03 LDA TABLE, X Look up xth byte of TABLE 
ap oo F9 STA DAC Cutput to DAC 

18 CLC Repeat 

90 Fl BCC START 


Listing 2: Waveform modification. This 6502 program, obtained by modify- 
ing the program of listing ! slightly, uses the input sample from the analog 
io digital converter (value 0 to 255) to look up the output sample in a "trans- 
fer function" table located at 0300 in memory and referenced with the name 
TABLE. The key to what the distorted output sounds like relative to the 
input is the data stored in TABLE (see text and figure 2). 


ing special effects (such as "fuzz") with 
electric guitars and other electronic instru- 
ments. The computer can perform a rather 
elegant general purpose distortion function 
by utilizing a stored transfer function as 
illustrated in the program of listing 2. 

To use this algorithm, you must set up a 
table in memory (on page 03 in this ex- 
ample) which serves as the transfer function. 
Each sample of the input waveform obtained 
from the input converter is used as an index 
to look up a corresponding byte in the 
table, which is then used as the output 
value. In this example the table is just 256 
bytes long and is indexed by the 6502 proc- 
essor's X register. Depending upon what we 
store in the table we can get any kind of 
distortion effect we want. A trivial case 
would be to use a straight line function, 
ie: put GO in 0300, 01 in 0301, 02 in 


3 NN IA 
D 


DATA 


oo ADDHESS FF oo FF 0 FF 
A B c 
| IVA | 
DG FF oo FF QG FF 
D E F 


Figure 2: Examples of transfer functions for use with the waveform modifi- 
cation technique of listing 2. These curves are produced by plotting the data 
at an address versus the address within the table, with both values having a 
range of 00 to FF hexadecimal (eight bits worth). (A) is the simple linear 
transfer function, (B) fs a transfer function which is equivalent to a saturated 
clipping amplifier: it puts out a square wave. (C) represents a slight distortion 
of the linear response of (A). (DJ is a transfer function which effectively 
doubles the frequency of the input waveform, while (E) quadruples the input 
frequency and (F) multiplies the frequency by a factor of 8 (ie: three octaves 
higher). 
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0302. . and FF in O3FF as shown in figure 
2a. This would yield no effect at all; the out- 
put would be identical to the input as was 
the case with the program of listing 1. But 
if we use anything other than a straight line, 
we'll get distartion. Several possibilities are 
shown in figure 2. Figure 2b would give a 
square wave output while 2c would yield a 
somewhat less strongly distorted output. 
With the function shown in figure 2d, we 
would get a frequency doubling effect; 
that is, if the input were 2 sine wave of one 
frequency, the output would be an approxi- 
mate sine wave of twice that frequency (one 
octave higher]. With figure 2e, we'd get an 
output two octaves higher. This can be ex- 
tended even further with the appropriate 
transfer function (eg: figure 2f). The effect 
on the sound of an electric guitar is quite 
remarkable, particularly as the frequency 
multiplication factor is a function of the 
amplitude of the input signa! and changes 
at the input decays. 

Quite apart from its potential uses in 
music recording or performance, the above 
technique is a neat way to teach (or learn) 
about the effect of transfer characteristic 
nonlinearity on audio distortion. Just put 
in the characteristic under consideration and 
iisten to the effect it has on the audio. 


Time Delay, Phase Shift and Reverb Effects 


[f we store digitized audio in an array in 
programmable memory, and read it out to 
ihe digital to analog converter at a later 
time, we have a time delay effect which can 
be used for phase shift and reverb. The max- 
imum time delay you can achieve depends 
on the sampling rate and the amount of 
available memory; but even with only 256 
bytes you can get some pretty good phase 
shift and phase "phlanging" effects. With 
4 K bytes you can get a good reverb. 

The essential programming technique 
behind all of these effects is quite simple: 
output a byte from the data buffer to the 
digital to analog converter; input a new sam- 
ple from the analog to digital converter and 
put it in the same location in the data buffer 
as the byte just output; increment the point- 
er modulo the length of the buffer and re- 
peat. (Thus, when you get to the end of the 
data buffer you reset the pointer to the be- 
ginning and continue.) By scaling and adding 
the new data from the input converter to the 
old data from the data buffer, we can gener- 
ate a range of effects depending on the 
length of the time deiay. 

The routine of listing 3 adds the audio 
signal to a slightly delayed version of itself 
and outputs the scaled sum to the digital to 
analog converter. In this routine, page 03 


serves as the data buffer and x as the point- 
er. The pointer is initialized to DELAY, dec- 
remented until it gets to zero, and then re- 
set to DELAY. This results in a sort of circu- 
lar data buffer which acts as a first in last 
out shift register. The new and old (delayed) 
data are added and sent to the output con- 
verter. (Note that to prevent overflow, the 
data are divided by two before adding.) The 
time delay, determined by DELAY, can be 
adjusted from 1 to 225 samples. Such short 
delays do not result in a perceptible echo. 
The effect is rather that of a "comb filter” 
with multiple peaks and dips distributed 
throughout the audio spectrum. This is due 
lo the fact that there will be a cancellation 
at every frequency whose period is an inte- 
gral multiple of twice the time delay and a 
reinforcement at every frequency whose 
period is an integral multiple of the time 
delay. This rearranges the amplitude and 
phase relationships of the harmonics of 
music and speech and has a quite noticeable 
effect on the sound, variously described as a 
“resonant” or “twangy” effect. (If you have 
a hum problem in your audio setup, you 
might try to find the value of DELAY which 
puts a dip right at the hum frequency.) 

The above idea can be extended and the 
effect made much stronger by causing 
DELAY to change continuously in real lime. 
This would cause the peaks and dips to 
sweep through the audio spectrum. This 
effect is called "phase phlanging" by some 
people. An easy way lo do it (not neces- 
sarily the best way, however) is shown in 
listing 4. This is the same as the previous 
program except that the DEC DELAY in- 
struction has been added to reset the buffer 
pointer to a different value each cycle 
through the buffer. The effect of this 
routine on voice and music is quite dramatic. 
With specch and solo singing it gives a kind 
of voice doubling effect, as if two people 
were speaking or singing in synchroniza- 
tion. It makes a 6 string guitar sound re- 
miniscent of a 12 string guitar. A concert 
piano comes out distinctly like a question- 
ably tuned honky tonk piano. The effect 
on organ music is unreal and unpleasant. 
If you play the guitar and sing, or think you 
do, try processing a tape recording of your- 
self this way. It will sound better, or at 
least. different (which in my case is the 
same thing). 

If you have two output poris and two 
digital to analog converters, you can gen- 
erale two channels of audio output. For 
example, you can convert a monaural 
source to “pseudosterco” with a further 


A6 10 RESET LDX DELAY initialize pointer to buffer length 
BD 00 03 NEXT LDA BUFFER, X get oldest data 

4A LSRA divide by 2 

85 11 STA TEMP keep 

AD 00 F8 LDA CONV get new data 

8D 00 EC STA STROBE (strobe converter) 

9D 00 03 STA BUFFER, X replace old data with new 
4A LSRA divide by 2 

18 CLC 

65 11 ADC TEMP 

8D oo F9 STA DAC output to DAC 

CA DEX advance the buffer 

DO EF BNE NEXT pointer and repeat 

18 CLC 

90 E2 BCC RESET 


Listing 3: Time delays are possible with a buffer. Using the memory located 
at hexadecimal 300 to 3FF as a 256 byte delay buffer, a number of interest- 
ing effects can be achieved. This program supports a delay of up to 255 inner 
loop periods, too short to be perceptible as a delay per se, but it does trans- 
form signals by adding the delayed sample's points to the new input samples, 
producing an interesting filtered result. The delay buffer length is set by the 
value loaded into the X index register from location DELAY in the first in- 
struction of the program. As in ull the examples of this article, this 6502 
program is position independent and can be loaded at any arbitrary place in 
memory address space which contains programmable memory not conflict- 
ing with 10 or data storage locations. 


A6 10 RESET LDX DELAY 

BD 00 03 LDA BUFFER, X 
4A LSRA 

85 1l STA TEMP 

AD 00 F8 LDA CONV 

8D 00 EC STA STROBE 
9D 00 O03 STA BUFFER, X 
4A LSR A 

18 CLC 

65 11 ADC TEMP 

8D 00 FY STA DAC 

CA DEX 

DO E7 BNE NEXT 

C6 10 DEC DELAY 

18 CLC 

90 EO BCC RESET 


Listing 4: Modifying the processing done by the delay program of listing 3 
to sweep the time delay value results in this “phase phlanging’’ program. The 
difference between this program und that of listing 3 is the DEC instruction 
which changes the value of the delay parameter DELAY each time it is re- 
loaded. Ihe effects must be heard to be believed. 


A6 10 RESET LDX 

BD 00 03 NEXT LDA BUFFER, X 

8D OO EF STA DAC2 delayed sound to one channel 
AD 00 F8 LDA CONV 

8D 00 EC STA STROBE 

9D 00 03 STA BUFFER, X 

8D OO F9 STA DAC 1 direct sound to other channel 
CA DEX 

DO EB BNE NEXT 

cé 10 DEC DELAY 

18 CLC 

90 E4 BCC RESET 


Listing 5: Modifving the program of listing 4 to turn it into a pseudostereo 
processor. Here, the delayed data is sent to a second channel, with the 
amount of delay swept as it was with the phase phlanger approach, But 
instead of adding the two channels together, they are Rept separate and sent 
to the left and right stereo speakers. 
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F800 
ECOO 
F900 
0009 
0010 
00AO0 
OOAL 
0011 


EC 


F8 


F9 


modification of the program in listing 3 
(see listing 5). 

In this example the additional DAC is 
connected to an output port whose address 
is EFOO. Instead of being added together, 
the direct and delayed signals are simply 
sent to the two different channels, The re- 
sult is a sort of stereo phase phlanging 
effect which sounds much like a "'rechan- 
neled for stereo" disk recording. Try this 
through stereo headphones. So now you 
can have a stereo electric guitar. Would 
anyone like to extend it to quadraphonic? 

If you have at least 4 K bytes of memory 
available in your system for your buffer, 
then you can obtain echo and reverberation 
effects quite readily. The idea is basically 
the same as the phase shifter routines just 


AUDIO REVERB SIMULATION 


LABELS 
CONY Address of 8 bit analog to digital converter 
STROBE Converter strobe line 
DAC Address of 8 bit digital to analog converter 
FIRST Lowest page number in data buffer 
LAST i + highest page number in data buffer 
PNTRL Low half of data buffer pointer 
PNTRH High half of data buffer pointer 
TEMP Temporary storage 
PROGRAM CODE 
LDY #0 Set pointer to zeroth byte of page 
"FIRST". 
LDA #0 
STA PNTRL 
RESET LDA FIRST 
STA PNTRH 
NEXT STASTROBE Strobe converter. 
LDA (PNTR), Y Get oldest byte. 
LSR A Divide by 2. 
STA TEMP Save. 
LDA CONV Get new byte. 
LSR A Divide by 2. 
CLC Add to oldest byte, and return to 
data buffer. 
ADC TEMP 
STA (PNTR), Y 
STA DAC Output. 
INY Go to next point. 
BNE NEXT Increment pointer (double 
precision). 
INC PNTRH 
LDALAST When end of data buffer is reached, 
reset pointer to FIRST and 
continue. 
CMP PNTRH 
BNE NEXT 
CLC 
BCC RESET 


Listing 6: The use of large amounts of memory can lead to interesting effects, 
for example this reverberation program. Here a 4 K byte buffer from address 
space locations 2000 to 2FFF is used to store delayed samples obtained from 
the input converter at location CONV. This code for the 6502 processor is 
position independent, provided it is not loaded in the same region as the de- 
lay buffer, the page zero constants, or the IO device addresses, 
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discussed, except that a much larger data 
buffer is used. Here we can use the indirect 
form of the LDA and STA instruction, and 
we maintain a 16 bit pointer in page zero 
(unlike the 6800, the 6502 has only 8 bit 
index registers). The routine of listing 6 
yields a reverberation time which is adjust- 
able up to about 0.5 seconds. The data buff- 
er is assumed to be the 4K byte block 
from addresses 2000 to 2FFF. On each 
cycle through the buffer, the old data is 
divided by two, added to the new data oul- 
put, and returned to the buffer. Thus, the 
old signals (ie: the echo) die off by a factor 
of two each time they are heard. You can 
hear about five or six echos before they drop 
below audibility. 

If START is set to 20, using the whole 
4 K buffer, the effect is something like thul 
of a large hall or perhaps an old railroad 
terminal. The difference is that the com- 
puter produces a clear, clean echo at very 
precisely timed intervals and with a precisely 
controlled decay rate. Compare this with 
either a natural reverberation situation or a 
mechanical unit: the result is a more me- 
chanical sound, much like a tape loop reverb 
device, without the false resonances of a 
spring type device. The advantage over a 
tape loop device is, of course, that it will 
never wear oul or get out of alignment. 

Several useful modifications of this pro- 
gram can be made. For example, you could 
utilize a second digital to analog output and 
a Stereophonic sound system to achieve 
spacial separation between the direct and 
"reflected" sound. You could then apply 
some filtering Lo the reflected sound channel 
to simulate selective absorption by the room 
furnishings. You could also improve the real- 
ism of this effect by writing the routine to 
provide more than one delay time, for 
example by maintaining two or more buffer 
pointers which would allow the incoming 
data to be added to several points in the 
data buffer. You'll need a fast processor to 
keep the sampling frequency up, however. 
Finally, by simply dropping the LSR and 
ADC instructions in the program of list- 
ing 6, you can get a simple time delay 
effect; say a word and it is repeated immedi- 
ately. Great for language study; listen to 
and critique your pronunciation without 
wearing out your tape recorder. Or if you 
have lots of memory (at least 32 K), you 
can get delays long enough to allow you to 
sing a round with yourself! | won't com- 
ment on the frightening social significance 
of this. 


GLOSSARY 


Analog to digital converter (often abbreviated 
ADC): Integrated circuit or hybrid module which 
converts an analog voltage into a parallel digital 
number, usually in a binary or binary coded deci- 
ma! format; characterized principally by the 
number of bits of parallel binary output (the more 
the better) and the conversion time {the shorter 
tha better). Most commercially available analog to 
digital convertars have from six to 14 bits, convert 
in 0.5 us to 200 ms, and cost from $12 to $300 
each. 

Address decoding: Logic circuitry present in all 
microcomputer systems which looks for certain 
addresses on the address bus and outputs a pulse 
(address strobe} whenever those addresses occur. 
Used to select individual IO ports, sections of 
memory , and devices tied to the data bus. 

Address strabe: A pulse or logic level generated 
by the address decode lagie in response to the 
occurrence of a particular address or a range of 
addresses in a microcomputer. 

Aliasing: An instrumental artifact, caused by 
sampling a periodic waveform less than twice per 
period, which results in an apparent reduction in 
the frequency of the waveform. (The effect is quite 
analogous to the use of a stroboscope to ‘‘slow 
down” the action of periodic mechanical motion.) 
In audio processing, aliasing sounds like a gross 
distortion. 

Conversion time: The time it takes an analog to 
digital converter to convert an analog voltage to a 
binary number. Specifically, it is defined as the 
time between the strobe pulse and the instant that 
the digital output is valid. 

Cut off frequency: The frequency at which a low 
or high pass filter begins to cut off a signal (which 
means to reduce its amplitude). 

Cut off rate: Aisa called attenuation rate. The rate 
at which the response of a low or high pass filter 
increases attenuation as you go to higher or lower 
frequencies. The response of a simple single section 
low pass RC filter drops off only at the rate of a 
factor of two for every factor of two increase in 
frequency {called —6 dB per octave in engineering 
jargon). More sophisticated “active” filters employ- 
ing operational amplifiers can have much faster cut 
off rates. These have the advantage of extending 
the high frequency response as far as possible while 
still reducing aliasing to an acceptable level. 

Digital to analog converter (frequently abbreviated 
DAC}: An integrated circuit or hybrid module 
which converts a parallel binary or binary coded 
decimal number to an analog voltage or current 
proportional to the number. Commercially avail- 
able digita! to analog converters have resolutions 
from eight to 16 bits and cost from $5 to $100. 
Data buffar: A section of programmable memory 
used to store data, usually temporarily. 

Fuzz: A kind of distortion occasionally used by 
electric guitarists for special effect. 

Offset binary coding: An arrangement for opera- 
tion of a bipolar analog to digital converter in 
which a zero input voltage corresponds to a mid- 
scale digital output. For an 8 bit converter with a 
25 V input range, an input af O V would be con- 
verted to hexadecimal 80, -5 V to hexadecimal 
00, and +4.96 V to hexadecimal FF. (This differs 
from two's complement coding.) 


Peak-to-peak: The voltage difference between the 
average positive excursion and the average negative 
excursion of an AC signal. 

Phase shift: A (usually small) time delay between 
two similar periodic waveforms. 

Phlanging: An audio effect originally produced by 
playing duplicate tape or disk recordings in almost, 
but not quite exact, synchronization. 

Quantization noise: The noise caused by the 
conversion of a smocth, continuous analog wave- 
form into a "stair step” approximation in the 
process of digitization. It adds a “hiss” to audio 
signals, technically called "white noise." Like any 
other type of hiss, it can only be partially removed 
by filtering. The smaller the steps, the less the 
noise, Thus an 8 bit digitization, yielding 256 
discrete steps or "quantization levels,” results in a 
slightly noticeable quantization noise, but in a 12 
bit conversion (4096 steps), the effect is quite 
negligible. 

Sample rate: The rate at which the signal waveform 
is digitized. The larger the number of samples per 
period of the waveform, the closer the digitized 
waveform will be to the original analog waveform. 
The sample rate must be at /east twice the highest 
frequency to be digitized in order to prevent 
aliasing. In this article, the sampling rates are 
determined by the execution times of the inner 
loops of the programs. 

Strobe: In general, a pulse used for time synchrorni- 
zation of some event. In the context of an analog 
to digital converter, the term refers to the "start 
conversion" pulse applied to the converter to 
initiate the conversion process. In this article, the 
input conversion strobe is supplied by the micro- 
computer under software control. 

Successive approximation: A popular type of 
analog to digital converter. Most fast converters are 
of this type. It performs the conversion bit by bit, 
starting with the most significant bit and progressing 
to the least significant bit. Although generally fine 
for audio processing applications, this type of 
converter can exhibit nonlinearity (and therefore 
distortion) if the input signal changes appreciably 
during conversion. To prevent this, a sample-and- 
hold circuit can be used ahead of the converter, or, 
as in this article, one can reduce the problem to 
insignificance by using a converter with a conver- 
sion time much tess than. the period of the highest 
frequency passed by the input low pass filter. 
Tracking analog to digital converter: A low cost 
type of converter which uses an up-down binary 
counter to track or follow the analog input. Its 
advantage is that it requiras no strobe pulse, as its 
output is always trying to keep up with the output. 
This type is often implemented in software when 
conversion time is not particularly important. 
Transfer function (or characteristic): The func- 
tional relationship between the output and the 
input of a device. 

Wrap around: What happens to your car's mileage 
indicator after you've driven 99999.9 miles. ft 
“wraps around” to 00000.0. The same thing occurs 
in electronic counters; in an 8 bit device, the next 
count after hexadecimal FF wraps it around to 00. 
Some analog to digital converters do this when the 
input voltage exceeds full scale. |t must be pre- 
vented in audio processing. IM 
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Photo 1: One of the high speed conveyors at Shugart Associates' Sunnyvale 
CA plant. Metal arms swing out to capture plastic bins of parts. 600 to 
800 floppy disk drives and 300 to 400 minifloppy drives are turned out every 


day at the plant. 
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Visit to an OEM Supplier 


A Look at Shugart's 


New Fixed Disk Drive 


Chris Morgan, Senior Editor 


OEM can be a confusing term for people 
new to the personal computing field. It 
means "Original Equipment Manufacturer" 
—that is, a company which uses parts and 
equipment of other manufacturers in order 
to produce end user equipment for sale to 
the public. 

Recently | had the opportunity to visit 
an OEM supplier whose name is well-known 
to the personal computing field: Shugart 
Associates. Shugart manufactures the floppy 
and minifloppy disk drives that go into 
equipment sold by North Star, Apple, 
PolyMorphics, Smoke Signal Broadcasting, 
Radio Shack, and many more. They also 
supply companies that manufacture large 
computer systems. All told, they claim to 
manufacture over three quarters of the 
floppy disk drives on the market, and two 
thirds of the minifloppies. 

Upon entering their brand new 150,000 
square foot facilities in Sunnyvale CA, | 
immediately noticed that the flow of pro- 
duction parts was controlled by an im- 
pressive array of high speed conveyor belts 
(see photo 1). Their workforce of over 700 
people turns out 600 to 800 standard 
floppy drives and 300 to 400 minifloppy 
drives every day. 

The most interesting feature of the tour, 
however, was getting a glimpse of the new 
Shugart SA4000 fixed disk drive—a unit 
that may have a major impact on the per- 
sonal computer market a year or so from 
now. The SA4000 (see photos 2 and 3) is 
available in 14.5 and 29 megabyte (unfor- 
matted) capacities with an optional 144 K 
bytes of additional head-per-track storage. 
Winchester heads (named after IBM's Win- 
chester" disk technology) are used in the 35 
pound (16 kg) unit, which is designed to fit 
in a 19 inch (48 cm) rack. But price is the 
most significant feature: the 14.5 megabyte 


Photo 2: Prototype of the SA4000 fixed disk. 
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unit is $2550, and the 29 megabyte unit is 
$3500, both quantity one; prices for 
quantity 100 are $1450 and $2000, respec- 
tively. 

The same voltage requirements are used 
for both the $A4000 drives and the Shugart 
standard size IBM compatible floppy drives, 
so the same power supply can be used for 
both types of drives in a system. In addition, 
the SA4600 intelligent controller (or equiva- 
lent) can be used to control up to four 
floppy disk drives and four SA4000 fixed 
disk drives with the same controller board. 
The new fixed disk drive has an interface 
similar to that of the standard Shugart 
SA800 and SA850 floppy drives, but it 
employs a higher transfer rate. The drive 
includes a data separator and encoder pro- 
viding normalized NRZ read and write data. 

Data on each disk surface is read by two 
read and write heads, each of which accesses 
202 tracks. The drive is available in two 
basic configurations: one disk with four read 
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Head Arm Assembly 


| ae a Rotating Pivot 
— X 


AS Stepper Positioned 


Head’ Arm Assembly 


Mela! Band 


Winchesler 
Capstan Read Wrile Heads 


Figure 1: The Shugart SA4000 fixed disk head actuator assembly. A novel 
coiled-metal band driven by a stepper motor is used to position the head as- 
sembly. Graphics courtesy Shugart Associates. 
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Photo 3: Shugart SA4000 
fixed disk drive (left) next 
to standard SA800 floppy 
disk drive. 
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and write heads, or two disks with eight 
read and write heads. 

À separate read and write head mounted 
to the base casting reads a prerecorded 
track which provides the master clock for 
the drive as well as the clock for write clock 
generation. The optional fixed heads are 
mounted on an assembly which is mounted 
directly on the base casting. Delivery is 
currently four months from receipt of order 
from Shugart Associates, 415 Oakmead Pky, 
Sunnyvale CA 94086, (408) 733-0100. 

Since the SA4000 disk is permanent, 
users will need some form of off line storage 
to keep back-up copies of vital files in 
practical systems: a double density full size 
floppy disk drive seems to be the most 
logical choice. 

We should soon see the era of the 14.5 
megabyte mass storage system built into a 
high end personal computer which sits on 


top of a desk. The typical box might 
include: 


SA4000 disk main filing system 
SA800 removable media filing system 
(optional) 

16 K bytes read only memory systems 
software 

48 K bytes volatile program store 

Any third generation processor (9900, 
Z8000, 8086, 6809, etc) 

Video display (graphics plus full ASCII 
text capability) 

Keyboard 

Machine independent PASCAL sys- 
tems software 


Externally, this would look fairly conven- 
tional, but buried inside might be the 
SA4000 as a permanent on line nonvolatile 
memory resource. m 
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SOLID STATE MUSIC S-100 Kits & 
Bare Boards 


VISA ^ BAC (VISA) 


HOBBY WORLD ELECTRONICS 


Savings up to 70% on major brand IC parts and computer 
kits. For complete IC listings write for our catalog 


28.00 
28.00 


33.00 


.0O 
28.00 


12-Slot Mother 


Uses 1702A EPROMS 
Kit w/o EPROMS 59.95 


MB-4 4K STATIC RAM Kit 95.00 


25.95 
129.95 
25.95 


The BASIC Workbook 
Programming Proverbs 
Discovering BASIC 
COBOL with Style 
Advanced BASIC 
Basic BASIC 
Standard Dictionary of 
Computers & Information 
Processing 
Game Playing with Computers 
Game Playing with BASIC 
Introduction to BASIC 
Home Computers: 210 Questions 
and Answers Volume 2 Software 6.95 
Minicomputers 
Microcomputer Dictionary 
and Guide 
Microprocessors 
Microprocessor Basics 
Modern Data Communications 
Home Computers: 210 Questions 
and Answers Volume 1: Hardware 7.95 
Understanding Integrated Circuits. 4.95 


SUPPORT DEVICES 


6820 8.00 
6850 8.00 


8212 3.45 
8214 8.00 MEMORY 


8216 3.75 1702A 3.75 
8228 6.25 2716 22.50 
8226 3.85 51102450ns 1.25 
8238 7.95 21102 250ns 
1101 : 
2114 8.50 
MICROPROCESSOR 
BOBOA 11.50 
Z-80 
Z.80A 
6800 


SOLID STATE MUSIC 

MB9 STATIC PROM/RAM 
Kit Less Memory 
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Semiconductor Circuit 
Elements 
Digital Experiments 
Digital Signal Analysis 
Digital Troubleshooting 
110 CMOS Digital IC Projects 
Fundamentals and Applications 
of Digital Logie Circuits 
400 Ideas for Design, Volume 2 
Analysis and Design of 
Digital Circuits and 
Computer Systems 
Finite State Fantasies 
Telephone Accessories 
You Can Build 
Basic Electronic Switching 
for Telephone Systems 
Basic Carrier Telephony 
How to Get the Most Out of 
Your Low-Cost Electronic 
Calculator 
Calculator Users Guide 
end Dictionar 


ON 2-2708 
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C! Please send me the foliowingg 
items | have listed below: 


Los Angeles, CA 90045 


TELEPHONE ORDERS: 
Call (213) 641-4200 
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Name 


Address 


IC MASTER 


* Over 40,000 
IC's listed. 

* Over 2,000 
pages. 

* Updated every 
90 days. 


Retail Value 


$55.00 


Price 


129.95 


49.95 


139.95 


145.00 


6.95 | SSM 8080 MONITOR V1 


PLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION 
Huge Discounts! 


72.00 


25.95 


25.95 


39.95 
8.99 


47.00 
47.00 


Satisfaction 100% Guaranteed |i 


eu Stats Zip Colonna Residents Add 6% ; 


Note: Minimum Order $10.00, 5% Discount over $100.00 on 1.C's only. f 
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Adapter Doubles DECwriter Speed 


220, 300 or 600 bps. The Accelewriter 
changes the internal timing of the 
on DECwriter and causes it to print at 60 
ACCELEWRITER' characters per second. Installation in- 
MODEL NO. LA38/&00 volves removal of two integrated circuits 
from the logic board of the DECwriter. 
z These are replaced with low profile 
LARKS ao IC sockets. The Accelewriter Is then 
‘ : installed in the board in place of the 

SKOKIE, ILLINOIS 60078 = two original ICs, and the logic board js 
reinstalled in the DECwriter. The DEC- 
writer can be reconverted to Its original 
electronic configuration by unplugging 
the adapter and installing ICs of the 


BIN 


A new adapter, the Accelewriter, original types in the sockets. Price is 
adapts any LA36 DECwriter to operate $95 from Larks Electronics and Data, 
at 600 bps, converting the standard POB 22, Skokie IL 60077.8 
110, 150 or 300 bps DECwriter to Circie 641 on inquiry card. 


Analog Interface Board 


Graphic Inc, 790 Hampshire Rd, A 
and B, Westlake Village CA 91361. 
According to the firm, board design 
permits interfacing with potentiometers, 
joysticks, or voltage sources. An 8 bit 
digital port with latch strobe can be 
used as a keyboard input port. Tone 
pulse generators can also be used to 
produce sounds for games or keyboard 
audio feedback. Additional features 
Include four analog to digital inputs, 
MWRITE logic, and a power on jump 

a feature for computers lacking front 
A multifunction analog interface panel. Price is $75 in kit form, $115 


board, offered as a kit or fully as- assembled. E 
sembled, has been introduced by Vector Circle 642 on inquiry card. 


New Interface Module from Creative 
Micro Systems 


The 9650 is an asynchronous serial 
interface module specifically designed 
for compatibility with the Motorola 
6800 processor bus. It is pin and outline 
compatible with the Motorola EXOR- 
ciser and Micromodules and with the 
MED6800D2 Evaluation Kit. It features 
full address decoding and fully buffered 
data, address and control lines. This 
module utilizes eight MC6850 Asyn- 
chronous Communications — interface 
Adapters with full RS-232C signal 
conditioning. An on board bit rate 
generator simultaneously provides 14 
standard rates that can be individually 
strapped to each ACIA. 

The 9650 occupies 16 consecutive 
memory addresses. The lowest eight of 
these access the elght control and status 
registers and the next eight access the 
transmit and receive data registers. This 
map arrangement allows optimum use of 
indexed addressing in IO intensive 
systems and permits the use of a very 
tight interrupt polling loop. 

The standard configuration of the 
9650 is fully populated to eight 
channels. The price is $395 in single 
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Serial IO for the Apple Il 


Electronic Systems has announced 
a serial IO board for the Apple il com- 
puter. The board comes with software 
for input and output to and from a 
Teletype or other serial device via an 
RS-232 interface. 

Features include switch selectable 
parity, selectable number of stop bits, 
and jumper selectable address. Data rates 
can be as high as 30,000 bps. 

The board is available assembled and 
tested for $62. The complete kit is $42, 
and the board only is $15. Contact 
Electronic Systems, POB 9641, San Jose 
CA 95157, (408) 374-5984. 

Circte 644 on inquiry card. 


Altair (S-100) Bus Interface Board 
for PET 100 


HUH Electronic Music Productions, 
POB 259, Fairfax CA 93930, has an- 
nounced the PET 100, a PET to Altair 
(S-100) bus interface board for the 
Commodore PET computer, The Altair 
(S-100) sized card plugs into the main- 
frame of your choice and a cable con- 
nects it to the PET, which then enables 
you to use any of the peripheral and 
memory cards availabie for the Altair 
(S-100) bus. The PET 100 emulates the 
true Altair (S-100) bus including direct 
memory address, read and write wait 
states, IO address mirroring, multiplexed 
status lines, and much more. The PET 
100 js available in kit or assembled form 
for $199.95 or $279.95, respectively. 


Circle 645 on inquiry card, 


quantities. A partially populated 4 
channel version is also available at a 
lower price. 

The 9650 is one of a family of 
M6800 support modules. All cards of 
the family are 6.05 by 9.75 inches (15.4 
by 24.8 cm) and utilize a 43 pin dual 
readout edge connector with 0.15625 
inch (0.4 cm) pin spacing. Additional 
information is available from Creative 
Micro Systems, 6773 Westminster Av, 
Westminster CA 92683, (714) 892- 
2859.8 

Circle 643 on inquiry card. 


*** 15359 BYTES FREE *** 


i P p INTERNATIONAL 
TECHNICAL 
"— SYSTEMS 
M Proudly announces 1he 
: PEM-8K 


BK OF ADDITIONAL MEMORY FOR YOUR PET 


* COMPLETELY ASSEMBLED AND TESTED 
* BUILT-IN HEAVY DUTY POWER SUPPLY 
* ATTRACTIVE ENCLOSURE 

* COMPATIBLE WITH 4K OR BK PETË 

* NO MODIFICATIONS REQUIRED 


Introductory BONUS SOFTWARE PACKAGE 10K 
of Financial, Mathematical and Atgebraic Programs 


Shipped postpaid — — — Price: $279. 
(Virginia Residents Add 4% Sales Tax} 


CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 


- WET - 
HIGH QUALITY 


vr, V 
T v 


* Hot Chassis or Transformer sets 
* 64-80 characters per line 
* By-passes tuner & LF, 
* Normal viewing unaffected 
* Safe—Easy Installation 
ACVM Hi-Resolution $24.95 ppd 


mememe s tees pm atr tede am 


RFVM Ch2-6 Modulator $9.95 ppd 


———— een eee eee yd 


VAMP INC. Box 29315 


SURPLUS ELECTRONICS 


IBM SELECTRIC 
BASED I/O TERMINAL 
WITH ASCII CONVERSION 
INSTALLED $695.00 


e Tepe Drives & Cable 

e Cassette Drives & Wire 

s Power Supplies 12V15A, 12V25A, 
BV35A Others, e Displays 

e Cabinets e XFMRS s Haat 
Sinks @ Printers e Camponents 


Many other items 

Write for free catalog 
WORLDWIDE ELECT. INC. 
10 FLAGSTONE DRIVE 
HUDSON, N.H. 03051 


Phone orders accepted using VISA 
or MC. Toll Free 1-800-258-1036 
in N.H. 603-885-3705 


Los Angeles, Calif. 90029 


Calif. Residents add 6% Sales Tax 


INTERNATIONAL P.O. Box 264 
TECHNICAL WOODBRIDGE, 
SYSTEMS VIRGINIA 22194 


Circle 186 on inquiry card. Circle 378 on inquiry card. Circle 395 on inquiry card. 
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; o R -E.T. Food 
PROGRAMMING % TAPE RECORDERI 
ST! x E Rk aia CURNILAED Creative Sollware otters o mde ronge ol 
SETTE j 5 of LOGIC FOR AUTO SELECT, REWIND, £ OT, pragrom en cassette soper Jar BK. PET 
SMS RO addo IZV SaMPS DC-STD RACK PANEL I2 1/8" 

ù rs - z HOUSEHOLD FINANCE Ports I nad {1......... $15.00 
M Pts a Pia IAAD po ri^ f igo dO NRI CTED DANA Pu T SPACE WAR - Adapied tor the PET =... $10 0 
bs X .025 SQUARE PIN PUSH-ON TERMINALS, HOUSEHOLD UTILITY PACKAGE El. — $10.00 


FOR JUMPERS -PATCH-POWER-PLUG REPAIR, ETC., 
HARD TO FIND! 10/$0.50 100/$4.50 


PC LEAD CAPACITORS 20/$1.00 

TOPF NI500 IOOVOLT 5% DISC 

IZOPF IOOVOLT 5% DISC 6 PAX 
OIMFD 200VOLT TUBULAR CERAMIC 

OOSMFD SOOVOLT DISC 
.005MFD IOOVOLT DISC $5.00 
.0068MFD IOOVOLT SQ. DIPPED POLY 

.OIMFD 5OVOLT $% POLY TUBULAR, LONG LEADS, 

10/$1.00 100/$ 7.50 

GEJS BI-PIN BASE T-I 3/4 12V 40MA 

INCANDESENT 10/$1.00 I00/$9.00 
CORE MATRIX STRIPPED FROM COMPUT 
ERS-8 PLANES -NO DRIVERS-NO DATA- 
AS IS-NO RETURN. 256+BYTES $19.95, iK BYTES 
$2795, 4K+ BYTES $39.95. 2 ONLY 1620 ASS'Y 
GOOD COND EACH $125.00 
CARD GUIDE A FRAME-ISPR-5 I/2H 5V4W I2 V2L; OR 
IS SOCKETS ELCO NO. 7008-035-163-002 ON RAILS, 
YOU STRIP-—CHOICE $9.95 EACH. OTHER SURPLUS- 
SENO $1.00 FOR LIST OR CALL 617-625-2961, MC, 
BAC, VIZA ACCEPTED. $10.CO MINIMUM ORDER 
J&E ELECTRONICS SALES 

PO BOX 4504, FT. WORTH, TEX, 76106 


GAMEPAC HI. Five games Jor the PET ...$12 00 
Add $1 00 par program parking nnd shipping 
Iniroducing ^ iow eaceo Joystick! 


Plugs righi into the PET with no modiliculion: 
or assembly Comes with Iwo programs 


JOYSTICK . With MAZE and SKETCHPAD $35.00 
STAR WARS SHOOTOUT Fer the joystick .. $10.00 
Add $2.50 packing and shipping lar JOYSTICK 
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Creative Software 


PO Bos 4030 Mountain View, CA 94040 
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Circle 213 on inquiry card. Circle 191 on inquiry card. Circle 79 on inquiry card. 


KIT INCORPORATES 
ELECTROSTATIC SHIELD 


rn 


9 7 


Datapoint CRT Terminals 


S-IOO Kits 
at Discount Prices 


-il slot mother board with sockets 
and active terminator $80"* 

*I6 K EPROM board for 2708's $48** 
*B K static ram $125 


Theres much more, including 


L =] 
- ad Ë a 

z, Lu 
Futly-Assembled — Guaranteed 


#3360 $649 " 50 


» Add $15 pacing teturbishad 
+ Guaranteed s» Stwpoment FOB, no warding 
e Add $45.50 for scrolling mad, or doit yoursaH 

HOW —Power your KIM-1 pr oher small processor 
fon ihese Teriminala. Un to 2 Amps ar $, 14 25 volts 

Model 3360 spesds tram 300-1600 Baud. numenc 
keypad, cursor controm Edu, Biock- Transma, search 
medee ASCI Kayboard eth codaable opbons 
Geen phosphor 24 B2 Ch nes, addressable cursor 
AS-232 seng! mieriace ofer speeds available 
Manual $10. Cable kit $998 Datasnare;lBM com- 
fabble versión $t tO0 e Modsi 3000 $675 

M-33 KSA Telatypes $595. ASR 33 $735 

Call us for service on CATs micros. maan-trames 
Cnasng quantity discounts avalabhe 


TELECOMMUNICATIONS SERVICES CO. 
fox 4117, Alexandria, Vè. 22303 
703-683-4019 / TLX 89-823 T26 


8 V at 20 amps & 16 V at € 2 A with 
fan cooling. 

Transformer secondary isolated by 
electrostatic shield which helps to 
reduce random logic problems. 
"Computer 20 K” kit priced at oniy 
$74.95 plus S6.00 handling & shipping. 
"Computer 20" transformer available 
for onty $29.95 plus $3.50 handling 
& shipping. 

(Handling & ain slightly higher 
outside continental US) 

Club & OEM discounts available 


complete systeme; send for our 
flyer, 


PCE ELECTRONICS 
4782 DEWEY DRIVE 
FAIR OAKS, CA. 95628 


* Master Charge * Add 3% lor shipping, 
* Visa arcana retunded, 

-Phones ordara * Coll. residents ad 
19168) 966-7033 G% scien tas. 


>No COD 


Send check or money order to: 


MIJOBE CORPORATION 
P. O. Box 775 
Claremont, CA 91711 


Circle 372 on inquiry card. Circle 296 on inquiry card. Circle 241 on inquiry card. 


LED Detectors 
Show HI-LO Status 


money oF do. 


3200A 4 


ALCO ELECTRONIC PRODUCTS, INC. 
Vel (S19) 685-4371 TWX: 710 342-0552 


Axiom Announces EX-801 
MicroPrinter 


An intelligent electrosensitive line 
printer, the model EX-801 Micro- 
Printer, has been announced by Axiom 
Corp, 5932 San Fernando Rd, Glendale 
CA 91202, for $655. The EX-801, 
designed around an Intel 8048 processor, 
operates at up to 160 characters per 
second and offers users the choice of 
three character sizes to provide 80, 40 or 
20 columns on the 5 inch (12.5 cm) 
wide electrosensitive paper. It is designed 
for video display hardcopy, data logging, 
program listing and record keeping. 
Standard features include RS-232C 
20 mA serial input as well as parallel 
ASCII; 256 character multiline asyn- 
chronous input buffer as standard, 
optionally expandable to 2 K characters, 
making it possible to take a page dump 
from a video display terminal in approxi- 
mately one second; 96 character ASCII 
standard, optionally expandable to 256 
characters with user programmable 
fonts; software selection of "reverse" 
printing in which light characters are 
formed on a dark background; and 
optional 2 K bytes of user programmable 
read only memory.® 

Circle 593 on inquiry card. 


Inspection, 

field service, 
laboratory use, 
production lines. 


input Frequency: « 10MHz. 
Input Impedance: « 150Kfl. 
Min, Pulse Width: 300NS. (TTL). 


L/DTL Logic 1, 2.2V 1 0.2V. 
Te Dali: Logic Ò, 0.6V -t- 0.2V. 


CMOS Logic 1, 70% of Vpp + 0.5v. 
Threshole Logic 6, 30% of Vip + 0.SV. 


Quantity Prices Available 


iod St., , Andovar, Ma. 0184 


Circle 6 on inquiry card. 


PERIPHERALS 


Soft Touch Bill Paying Home Dial 


The Soft Touch Tone Dial for 
"bank by phone" is designed for use 
by customers of banks and thrift insti- 
tutions. The unit is a tone dial that 
screws on the mouthpiece of a regular 
rotary dial telephone and immediately 
converts it into a push button telephone. 
|t has afl the letters (a thru z) on the 
buttons as well as an asterisk (*) and 
number symbol Í for commands. 
Upon dialing to the bank computer, 
the consumer taps in his account num- 
ber, secret code, merchant code and 
amount to pay bills. Soft Touch is both 
a tone dial and microphone in a standard 
1 cubic inch telephone mouthpiece. 
The tone frequencies are crystal con- 
trolled. The keyboard is .05 inches thin, 
made with eight layers of special con- 
ductors. For additional information 
contact the Telephone Computer Com- 
pany Inc, 1838 W Bayshore, Suite 4, 
Palo Alto CA 94303. 


Circla 594 on inquiry card. 


CANADIANS 
Announcing 


HAMILTON LOGIC 
SYSTEMS 

Specializing in logic 
devices, microprocessors, 
memorys, TTL, Cmos, 
etc. 
Send for your catalogue 
Box 7 
STONEY CREEK 
ONTARIO L8G 3X7 


bS t. 
Circle 146 on inquiry card. 


Floppy Disk System for RS-232 
Communication Devices 


The Comm-Stor l| is a communi- 
cations floppy disk system which uses 
IBM 3740 compatible diskettes and 
interfaces with all RS-232 communi- 
cations devices. Comm-Stor Il is micro- 
processor-based enabling the user to 
store and retrieve files by file source. 
The system gives the user increased 
file storage capacity and maximum 
usage of the diskette regardless of the 
mix of file sizes; provides the capa- 
bility of merging and creating new 
files composed of existing files; pro- 
vides buffering at the terminal or modem 
port which allows commands and data 
to be stacked, minimizing the hand- 
shaking and system delays and provides 
protection from data overruns; and 
allows the user to specify selected 
files as "protected" (unalterable) while 
retaining the ability to create or alter 
other files. Since it uses a very simple 
serial interface and IBM 3740 compati- 
bility this type of mass storage system 
should prove quite useful in a number 
of personal computer situations. A single 
drive system lists for less than $3000 
and a dual system for less than $4000. 
For more information contact Sykes 
Datatronics Inc, 375 Orchard St, 
Rochester NY 14606.8 

Circle 595 on inquiry card. 


BIT BASEMENT 
BARGAINS 


SOROC 10120 [assbled| .. .$869.95 
LEAR ADM-3A [assbled] .. . $859.95 
LEAR ADM-1A (assbled] ..$1199.95 
16K RAM BOARD [assbled| . $495.00 
250nS 180 day warranty 


.$779.00 


MICROPOLIS 1042 Mod! . 


BIT BASEMENT 


P.0. Box 1719 
Santa Monica, CA 90406 
(213) 395-8801 Se 


all items shipped FOB factory 


Circle 26 on inquiry card. 


INDUSTRIAL QUALITY 
MICHOPROCESSOR CARD KITS 
Al «5M only, sta d Ga & 5, 22/44 edge conn 


44K RAM 57395 € 7K PROM $& 79.85 

Motnerboard $39.95 9 4K PROM $129 95 

Card Cage $20.00 9 Digita VO $ 59.95 

Keybosrd/ Duplay $89.95 @ Cassette Interface $ 37.95 

Available tested and io OEM atys 

KIM interiore Adapter $24.95 

KIM Komputer Enclosure $80.00 

BARE BOARDS. ENCLOSURES, FIRMWARE, ETC 
SEND $3 70 FOR TECHNICAL MANUAL (INFORMA 
TION ON ALL ABOVE] 


SCOPE DATA. 
INU ORPORATE D 
A SUBSIDIARY OF SCOPE INC , RESTON, VA 


PRINTERS FOR SALE 


DISKETTES 


VERBATIM for Your DRIVE 


WA (MED QUANTITY OF LSED 
LLLCTROSENSITIVE NON-IMPACT PRINTERS 
ARC AVAILABLE FROM THE MANUFACTURER 

BAS f$ WARRANTED TO WORK OR 
WILL RECONDIFTION TO LIKE NEW 

Btu 1200 BAUD, HO CPS, 80 COL 
BULTERED, SERIAL OR PARALLEL 


Soft Sector $ Ea. in 
10 Sector boxes 
16 Sector a of 10 
Ea. In 
ANDARD $4 105: 
Soft or Hard Sector r of 10 


CP/M 1.4 Bises Horizon 9149 


PAL COMPUTERS USING 6502 SYSTEM! 
@ Pot Computer wih CRK (24K) $1395.00 
* Component Boards Available Separately 
9 Video Board falso works with KIMI $ 299.95 
9 RAM Board IBK) falso works with RIMES 179 85 


© &SLOT KIM Morher Board S 7995 

€ ORDER OUR PAL TECHNICAL MANUAL ($7 25 
Ponpa) which fully describes the KIM Buss and In 
aivrdusl Boards 


Ale ni 


Electronic Communicalions Cow visa 
P. O. Box 365, Chino, CA 91710 € Mastercharge 
or Visit Aetail Store $ Colt Residents Add 
13552 Central Avenue 6% Sales Tax 


BRELEIVE ONLY AND KEYBOARD 
"ENIPRECLIVE FOR CRI HARD COPY OR 
PRINTER TERMINALS 

BIHLSE PRINTERS OPERATE WITH 
KAUID SHACK, TRS-80, HEATHKIT, IMSAL, 
LLAR SIEGLER, ADDS, HAZELTINE & OTHER 
SYSTLAS 

@PRICES START AT $395.00 EACH 

CALL OR WRITE 


WALT PLYTER, SCOPE DATA, INC. 
3728 SILVER STAR RD. 
ORLANDO, FL 32808 

(305) 298-0500 


PLASTIC BOX 15 cisketiss “d 
HAZELTINE CRT 1500 51000 


Complete 1«2*3 Computer 
System: Hazeltine 1500, — 90] 45 
Horizon-2, Centronic 779 


Visa, Master Charge, Cash, C.O.D. 


MANCHESTER EQUIPMENT CO., Inc. 
30 Midland Ave. + Hicksville, N.Y. 11BD1 
Call Collect: (516) 433-0613 


Circle 314 on inquiry card. Circle 317 on inquiry card. Circle 204 on inquiry card. 


AN S-100 BUS COMPATIBLE 
COMPUTER FOR UNDER $150? 


Single board, S- 100 compatible 8080-based computer 
designed al the Umversity of lowa to use the Intel 
cosmetic reject kil 
Features are 
Memory four 1762 EPROM’s ar 
three 1702s and Iwo 2111's 
Power-on pump and independently selectable board 
address 
Uses TMS550] mulli-lunchon 1/0 controller: 
Parallel in. parallel out 
USART 
five interval mers 
Handles veclored interrupts 
[TY or R5232 interface on board 
Fully $-100 compatible 
Sockel tor iron! panel connection 
(IMSAl from panel connector pin compatible) 
Ideal CPU replacement for IMSAIs and Altas. 
Yali run wilh just applied unregulated vollages as a 
single board computer 
Bare board, schematis, limited documentation $35 
Schematics, limited. documentation (includes 
simple mnnior for single board operation) 53 


uPMEM 
1291 Center St. N.E. 
Cedar Rapids. lowa 52402 


COMPUTER 
PROFESSIONALS 


Opportunities avaliable 
worldwide. Experience in 
Scientific or Business en- 
vironments can lead to ex- 
citing projects in varied 
locations. 
SUN STATES: State-of-the- 
Art Design and Development. 
15-30K 
HAWAII: Digital Switching 
Systems. 30-33K 
GERMANY /JAPAN: Soft- 
ware Field Engineer. Base 
salary 17-18K + Bonus + 
Per Diem. 
NEW ENGLAND: Scientific 
& Business Applications: Minis- 
Micros; Strang Assembler. 
16-28K 

Call us collect 

(603; 889-0112 

or send resume. 

PREFERRED 

POSITIONS, INC. 
142 Main Street 
Nashua, N.H. 03060 


Oprrates above Phe veriching harmonies af the comparer, 
H thereny ylelding 3 Cleaned, mürm-Tree picture. Tunable 
» Inieriaees direelly wilt 


Power. +5¥. Current appror, i ma. Selt-powered with 4 
Bencell zatieries, Operanap life in ezctta of 1000 heurs 
er near Sheli-hfe of batteries. Ezcellent stability. Precise 
fréquedéy adjuiTmenr, Mà atiembly reguwed etet for 


AVAILABLE FROM Y OUR LOCAL COMPUTER DEALER a 
er direct fram ATY RESEARCH. COST including shrøping W 
Anpwherg in USA and Canada — 535.00. 


M includes FM sound sab-carrier, color subcarrter and 


n 
, 
fy PIXE-FLEXER'' An IC Type videod- AF moduiaor 
, 
n separate R-Y and B-Y Inputs. Designed araund the 


"UPHCE-VERTER"" The atipinsi computes yidea-to-AF 
iMerface module. Kit form: $8.50 Model PXY-2A 


Circle 376 on inquiry card. Circla 302 on inquiry card. 


WE SHIP FROM STOCK 
TELETYPE MODEL 43TTL..... .... 


“Pt TECHNICO 9900 ss 16 BIT COMPUTER 16 bit 
a IT'S A GREAT BIG COMPUTER WORLD microP, 32 bit I/O, hardware mult and divide, buf- 
But You Only Need fered bus, 20 ma loop, RS232C, 8 interrupts, fully 
>THE COMPUTER CORNER sockated. Expands up to 64 KB memory. 
P- &5OL. A New Dawn is Here! Languages: assembler, BASIC, SUPER BASIC, 
C^  @ NORTHSTAR HORIZON Super Starter Kit: 
vu 9 IMSAI VOP-80 Assambiad: 
9 Memones & 10 Boards EX*150 ELECTRONICS PROJECTS KIT Build 
180 working electronics projects including basic 
computer circuits, he detector, transistor radio. 
Parfect for all ages to fearn electronics fundamen. 


STORE INC. 


Dealers for: 
APPLE I, IMSAI 
VECTOR GRAPHIC 
KIM.-I, DAE 
CYBERNEX. JIM PAK 


With 
ALPHA-1CASSETTE SYSTEM 
16 Bits 


ALPHA MICRO 
TECHNICO STARTER SYSTEM 


* Computer Book Service 
* Magnatec Tapas & Disks 


tti 


" 


M 
OTRAS ELD tals. A COMPLETE KITI Nothing eísa required. $69 


* Brain Games & Puzzles 
Workshops & Club Information 


t 


ATTASHE 200 EXPERIMENT INTEGRATED 
CIRCUIT KIT 

Visit THE COMPUTER CORNER for TI! 57 PROGRAMMABLE CALCULATOR... 

all your computer needs. Stop in and j To order: Check, monay order, major cradit cards. 
browse — you'll like our personal service. $4 shipping (except teletypa). NYC residents add 


THE COMPUTER CORNER B% tax. 
Vinite Plains Mall — Ueper Lesni 


20D Hamdon Avenue i 
sa, OS Hamilton Avenue OWENS ASSOCIATES, DEPT. B 
T Bil why “DATA STATEN ISLAND, N.Y. 10304 


Ample Parking 


10 6 Dwly & Ssturday S 
109 Thursday Day, evening, weekand calls walcoma 


* isiiddiilkisigk* (212) 448-6283 or (212) 448-6298 


ttftt 


Catalog Available 


AIS FRANKLIN ST ALEX. VA 
703-548-4085 


w 


S WEST CARY 5T.. RICHMOND, VÀ 
804.780.0348 


a 


Circle 65 on inquiry card. Circle 71 on inquiry card. 


PERIPHERALS 


8 inch Floppy Disk System for 
SwTPC 6800 


The Southwest Technical Products 
Corp DMAFT1 is a dual drive, single 
density, double sided 8 inch floppy 
disk system. The hardware consists of 
an 55-50 bus (SwTPC 6800) compatible 
direct memory access (DMA) controller 
capable of handling up to four drives, 


AC Wiring Controller 


AC Controller (Apple) 


Maea 
- 


~ 
- -5i 


AC Controll r 15-1001 


A new system designed to control AC 
devices remotely from any Altair (S-100) 
bus or Apple If computer over existing 
110 VAC wiring has been announced 
by Mountain Hardware, POB 1133, 
Ben Lomond CA 95005, The new unit, 


two CalComp 143M double density 
disk drives, aluminum chassis, regulated 
power supply, drive motor contro! 
board, cooling fan, diskette and inter- 
facing cables. The unit is 5.4 by 17.1 by 
20.5 inches (13.7 by 43.5 by 52 cm). 

An 8 K BASIC interpreter with disk 
file capability and string functions is 
included with the system. Each diskette 
holds approximately 600,000 bytes of 
data. With two drives there is over one 
megabyte of data on line. 

The system is avallable assembled or 
in kit form (the drives are fully as- 
sembled). The unit sells for $2095 
assembled, or $2000 as a kit, plus 
postage. Contact Southwest Technical 
Products Corp, 219 W Rhapsody, San 
Antonio TX 78216.8 


Circle 585 on inquiry card. 


called Introl, provides on and off control 
and status checks at any AC outlet. The 
system impresses a 50 KHz control signal 
onto the ordinary AC wiring. It then 
decodes the signal at any outlet to 
switch AC devices on and off. tn the 
home, such devices could include lights, 
TVs, stereos, solenoid valves, sprinklers, 
burglar alarms, etc. With the addition 
of input sensors the computer system 
can automatically control such variables 
as temperature, humidity and soil 
moisture. Programs are written in BASIC 
or assembler language. Software sub- 
routines come with the equipment. 
Complete documentation is also pro- 
vided. For Altair (S-100) bus computers, 
a 100,000 day calendar and clock board 
is offered as an option. Price of the AC 
controller is $149 in kit form or $189 
assembled and tested. Dual channel AC 
remote units are $99 each in kit form 
or $149 assembled and tested. The 
calendar and clock board is $179 in kit 
form or $219 assembled and tested.@ 
' Circle 586 on inquiry card. 


182 


LS1-11/2 Compatible Data Acquisition 
Code 


Three types of data acquisition cards 
that are compatible with the new LSI- 
11/2 computer as well as the older 
LS]-11 are now available from Andra- 
meda Systems, 14701  Arminta St, 
Panorama City CA 91402. The three 
cards consist of: the ADC11, a 16 
channel 12 bit analog to digital con- 
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verter; the DACIT, a 4 channel 12 bit 
digital to analog converter; and the 
PRTC11, a programmable real time 
clock with 13 internally generated 
rates, five operational modes, and two 
external inputs. These products are all 
functional supersets of the similar DEC 
products (AAV11, ADV11-A KWV11-A) 
but are in the dual width {rather than 
quad width) format. Also available is the 
CB11 series of compatible connector 
boxes which facilitate external con- 
nection to the above products. Prices 
are $850 for the ADC11; $700 for the 
DACII (four channels, deduct $75 for 
each deleted channel); and $600 for the 
PRTC11. All connector boxes are $150 
each; cables are extra.@ 
Circle 587 on inquiry card. 


New Teleprinter Offers Many Options 


The TC480 teleprinter is available in 
receive only, keyboard send and receive 
or automatic send and receive configura- 
tions. It prints 128 ASCII characters in a 
7 by 9 dot matrix at speeds up to 30 
characters per second. Up to 132 char- 
acters per line can be printed and up to 
64 characters to be printed can be stored 
in the teleprinter's internal memory. An 
adjustable sprocket feed handles paper 
from 3 to 15 Inches wide. Horizontal 
and vertical tabbing can optionally be 
controlled by programs resident in read 
only memory or by a program loaded 
into programmable memory. Other 
options include a numeric keypad, pin 
and front feeds, a paper tape reader or 
reader and punch, a 2 drive cassette unit, 
a minifloppy disk drive and 8 K bytes of 
additional memory. A logic level serial 
interface is standard with a variety of 
options Including RS232 and 20 mA cur- 
rent loop interfaces, In quantities of five 
or more, the TC480's price ranges from 
$1625 (receive only) ta $1750 (keyboard 
send and receive), from Ollvetti Corp of 
America, 500 Park Av, New York NY 
10022, (212) 371-5500.» 


Circle 588 on inquiry card. 


Serial Data Translator 


A serial data translator, Model ST-1, 
which performs code translations on a 
serial data stream has been announced 
by Sigma Data Systems, 715 Torreya 
Ct, Palo Alto CA 94303. The device 
is said to be a self-contained module, 
including power supply, and communi- 
cates via two RS-232 ports at up to 19.2 
bps. Standard translations include the 
ASCII, EBCDIC and Baudot codes. 
Translation of terminal control codes 
(such as cursor control) have been 
implemented. Other translations are 
available or may be user programmed. 
The unit contains an Intel 8035 pro- 
cessor and up to 1 K of programmable 
read only memory. The device allows the 
user to change peripherals without 
having to modify software written for 
peripherals using different codes. It 
should be compatible with any host 
computer due to its serial RS-232 
interface. B 

Circle 589 on inquiry card. 


S & R Electronics, Inc. 

4020 Hempstead Turnpike 

Bethpage, New York 11714 
Phone: (516) 731-8200 


$ Finest commercial quality 5-100 Bus 
Memory Boards by Industrial Micro 
Systems. Fully static. 

@ Fully socketed, assembled, tested and 
burned in 

€ 6 month warranty on parts and labor. 

* Al address & data lines fully buffered. 


8k-450 Nanosec.- - - - -~- $194.60 
8k-250 Nanosec. 

16k-450 Nanosec. 

16k-250 Nanosec. 


BankAmericard and Master Charge accepted. 


Personal checks will delay shrament until 
cleared Complete systems configured 
to your needs. NY state residents 
please add sales tax. 

Call or Write. 


Circle 313 on inquiry card. 


Z-80 DISASSEMBLER 
ZILOG MNEMONICS 


North Star or CP/M 
Disc, Others upon 
request; $5 extra 


$30.00 Immed. del. 


24 

© 
Microlithics, Inc. 
Bits, Bytes & Micros 

2918 N. Mac Arthur Blvd. 


Oklahoma City, OK 73127 
(405) 947-5646 


Circle 209 on inquiry card. 


SHORT CASSETTES 


PET-SIZED CASSETTES 


DATA TAPE cassettes use high energy tape 
selected for reliable operation with all 
popular home and hobby computers, Send 
$1 for sample C-10, prices and information. 


Dealer inquiries invited 


MICROSETTE CO. 
777 Palomar Ave., Sunnyvale, CA 94086 


Circle 214 on inquiry card. 


Coe 
Be ee 


connect: P. 
Tha Dalec 30 Originale Only and ihe 


Datec 32 Orlginola/Answer acoustic couplers 
provide reliable Bell Syslern 103/413 compatible 
Dupltax or Hol-Duplex, 300 bps data 
communication over conventional telephones. 


Dates acouslic couplers ate the only couplers 
on the morkel with CRYSTAL CONTROL 
lot both Ihe receiver and tha ronsmiher. 


The Dalec 30 ond Dolec 32 acoustic 
couplers connect, time and time again. 


detec Ine 


P. O. Box 839 
Chapel Hill, Nori Carolina 27514 
phone; (949) 967-5405 


Circle 83 on inquiry card. 


USR-310 
ORIGINATE 
ACOUSTIC 
COUPLER 


Operates With P 
Any Standard Telephone $139 
Direct! Telco? 
Also Avatable Connec! DAA 
tyla Style 
USR 330 Onginate/Aute Answer Modem rts $185 
USR 320 Aule-Answet Only Modem $293 $160 

lL FOC Certihed Package Connection Io phone ines wa 
standard £xlention phone jack ) 

(à Connection lo phone ines via CBS 1001F DAA which cao be 
ieased trom phone company ioe approx $5 00/mo plus installahon 
tee) 

INTERFACES: 
* USR-310 — RS23?7C only 
@ USR 320 snd USA 330 — R5232C and 20mA 
{Specily wih order Ii both witerlaces ava cequied, ado $10 to 
unt pree ) 
ALL UNITS FEATURE 
* 0-300 Baud Dala Rate æ Fully Assembied and 
* Stand Alone Unit Tested 
€ Halt/FuM Duplex © Optional Annual 
© 90 Day Warranty Maintenance Coverage 
Prices mechude sfeppeg and handing m continental US llhnoss 
Residents add 5* sales (as 


U.S. ROBOTICS, INC. 
Bos 5502 ? Chicago. lino 60680 / [3121 528-9045 


Circle 377 on inquiry card. 


RADIO SHACK AND 
COMMODORE USERS 


"."99990994a89502594a44€55809595450€49€55065580955€9€925»€ 
Low Cost Software on Compatible 
Cassette Tapes for your TRS-80 
and PET Computers. 

—Games 

—Investment/Small Business 
—Educational/Scientific 
—Kitchen Programs 


INTRODUCTORY GRAPHIC GAME 


SPECIAL-Star Trek (8K), Football 
(8K), Lunar Lander, Wumpus, Bio- 
rhythms and Acey Ducey on 2 Cas- 
sette Tapes. A $25 value for $20.00. 


SEND FOR FREE CATALOG 


Software royalty plans also available. 
€669990990906860600520062290€0 


APPARAT, INCORPORATED 
P.O. Box 10324 
Denver, CO 80210 


Circle 11 on inquiry card. 


Avraeco 


TPR} 


THE ULTIMATE m: ag? * 


OPTICAL TAPE READERS 


Precision machined tape guide 
Interface directly to a PIA or NART 
Tri-state buffer output 

All handshake logic: YTL compatable 


Pull thru tape: Reads 903909 cps 
interface thru a 14 pin IC plug tPROVIOEO) 
199 assruncto a reste € 42.507 
YS As] uox HamosHAKE ADAPTER e rs 
E =x =} CHECK OR MO TO. 


| MIC ROCOMP PO BOX 1724 


FOND DU LAC owt $4938 
WE SPECIALIZE IN MICROCOMPUTER SYSTEMS FOR 
HOBBY- BUSINESS - EDUCATION 
WE ARE EXCLUSIVE OSI DEALERS... 


++ WE 00 A BETTER JOB. 
KITS FULL SYSTEMS-PERIPHERALS- FLOPPY DISKS: ACCISSONIER 
sO1OITAL CLOCK KITS. VIDEO TERBINALS- BOOKS: MAGAZINES- 
SINO FOR FREE CATALOG TODAY '' 


Circle 309 on inquiry card. 


DISC/3 COMPANY 


COMPLETE MICRO 


BUSINESS SYSTEMS 


SOROC 10 120 $ 899.95 
Assembled 


LEAR SIEGLER $ 749.95 
ADM-3A kit 


INS 8K Memory Board $ 175.00 
IMSAI 8080 kit $ 599.95 


CENTRONICS Business $1145.00 
Printer (132 columns) 


Disc/3 
DISC/3 COMPANY 


1840 LINCOLN BLVD. 
SANTA MONICA, CALIF. 90404 
(213) 451-8911 


Circle 105 on inquiry card. 


DIABLO 
TERMINALS! 


LIMITED OFFER 
HYTYPE I TERMINAL 
$1595.00 


30 character per second 
Daisy wheel printer 
RS-232 serial interface 


Alsa: 


HyType II 
NEC Spinwriter 
Qume 

Sanders 12/7 


Complete line of 
Microcomputer products 


MIGAKD MART 


MICROCOMPUTERS, PERIPHERALS ANO SOFTWARE 
1015 Navarro San Antonio, TX 78205 — 512/222-1427 


Circle 211 an inquiry card. 
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MOTHER BOARD 


184 


Easy to Install Add-on Memory for PDP-11 


p 


The ARM-1100P, an add-on parity 
memory for the PDP-11, uses only one 
backplane slot and requires just one 
Unibus load, facilitating installation on 
any PDP-11 computer employing a 
Unibus structure. Each unit is supplied 
complete with wired card rack, power 
supply, interface, parity control, cooling 
fans and interconnecting cables. Pro- 
vision is made on the rear of the chassis 
to connect to another chassis or to 
terminate the bus. An on line and off 
line switch removes the memory from 
the bus for diagnostic purposes. The core 
memory, which has an access time of 
375 ns and a full cycle time of 700 ns 
provides from 32 K to 128 K of memory 
in 32 K increments, starting at any 8 K 
boundary. The ARM-1100P is priced 
at $4950 for 32 K 18 bit words to 
$12,750 for 128 K, from Ampex Corp, 
200 N Nash St, EI Segundo CA 90245, 
(213) 640-0150.8 

Circle $91 on inquiry card. 


Point of Sale and 
Inventory Control 


Án interactive computer program 
which allows a microcomputer using the 
8080 or Z-80 processors to be used as 
a Point of Sale and Inventory Control 
system has been released by The Data 
Group Inc, 5947 East 82nd St, Indian- 
apolis IN 46250. According to the firm, 
POSIS can be used by a person with 
absolutely no prior computer experi- 
ence, The program is said to converse 
with the user in "plain English" and to 
lead him through each transaction. Error 
handling capabilities are claimed to in- 
sure that human mistakes will be caught 
by the computer without destruction of 
vital information. POSIS stores informa- 
tion up to 9000 individual inventory 
items and is said to be able to generate 
a variety of management reports based 
on a business's inventory transactions. 
Additional features include: ID and pass- 
word security checks at key points in 
the program and a complete audit trail 
summarizing every transaction. Mini- 
mum hardware requirements are: an 
8080 or 2-80 system with 48 K bytes of 
user memory, a video terminal, and a 
Micropolis Corp dual drive disk. POSIS 
and its detailed instruction manual may 
be purchased at a cost of $750.» 

Circle 592 on inquiry card. 


Apple Seeds. .. 


We recently purchased an additional 
32 K bytes of memory for our Apple, 
filling up the available sockets to a full 
48 K bytes of memory. Here is a picture 
we took of what you (or your local com- 
puter store) will get, photographed 
prior to insertion of the memory into an 
Apple Il: two packages with eight of the 
16 K dynamic memory chips per pack- 
age. Note that with computers like the 
Apple which employ the large memory 
integrated circuit technology, there is 
no need for plug in memory boards 
when expansion is desired up to the 
limit of sockets bullt into the computer. 
An important consideration in pur- 
chasing such a computer, then, is how 
much memory can be plugged in before 
a new cabinet and printed circuit boards 
are required. 

For more information on additional 
memory for Apple, contact Apple 
Computer Inc, 20863 Stevens Creek 
Bivd, Bldg B3-C, Cupertino CA 95014.8 


Circle 590 on inquiry card, 


ATWOOD ENTERPRISES 


KITS 


4K RAM Available assembled and tested $89.95. 


8 SLOT 44 PIN BUS 
50 Pin Edge Connector 
Mother Board $20.00 ea 


Connectors 2.50 ea 
Card guides for above $10.00 per set. 
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| 
PROM PROGRAMMING cis cosy 103. | 


7 seria! ports, fully saftware controlled. 


To 500 baud. 


DID YOU 
KNOW e e oe 
DIGITAL I/O 


8 parallel ports. 

8 bits each (64 total). 

Each line fully programmable. 
Any line input or output. 

16 interrupt lines. 

80 1/0 lines total. 


2-50 pin VO connectors. 


$59.95 


MAKE CHECK OR MONEY ORDER PAYABLE TO: 
Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 


Discounts available at OEM quantities. For orders less than $25 total, add $1.25 
for shipping. California residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks allow 7 days for check to clear. 


Circle 25 on inquiry card. 


IA 
Be 


dustrial 


Torrance, California 90503 


Californ 
Post Office Box 3097 


tow from Teletype, Lhe Model 

ajin capabile of printing 132 ASCII 

Characiars por iine Send and receive 

dala ai (or 30 Chat. per socond Key 

board generates all 128 ASCII code combina 
trong AS-232 wntettace, sume as the popular 
Mode! 33 Dala sheet sent upon oues! Manutac- 
teret suppestind pnce $1377 00 


IMMEDIATE DELIVERY 51219 


TTL model with NOVATION brand 
Acoustic Modem. *14 


HEXADECIMAL KEYBOARD 
$3495 


HARDCOPY PRINTER 


These Diablo model 1200 printers were originally manu- 
factured for Control Data Corporation. The unit features 
aninety-six character upper and lower case daisy wheel 
capable of printing thirty characters per second. impact 
printer assures word processing quality on multiple 
copy forms. Adjustable tractor feed accepts paper 
width up to fifteen inches on a 132 character carriage. 


All printers were removed from service in operating 
condition. Printer only $795.00. Floor stand, power 
supply and Contro! Data interface package $100.00 
additional. Shipped from Los Angeles freight collect. 


MaxiSwllch hesadecenal keyboards are designad for 
teucrocompuber systems that eeure 44d Gubpul 
tn standard het code 


—- Toast mt y Consiste OT 16 Dorta 


Patet tow instan aem regm 
fiungort ara credibod bor the smooth 
Dporation and long lile of thet premium 
keybosrd 

| Reuires engi + 5 volt Supply. 


Quiet Buss |... esu 


COLOR TELEVISION 
S-100 MOTHER R.F MODULATOR 
The Quiet Buss from Cahíornia industruM ia 


$1395 The Atan AF Modulator 
y No cute thoa Soma compute aata to bw 
lo produce this mother board Active termination 
CUcultry prevents noise and crosstalk Manutec- 
tuted from extra heavy FR 4 eposy glass Fealuras 
20unca double I»ckness copper traces ` 
voit qupoly Compieie 


1829.95 ose! 
on a ee 
IMSA! edge connectors 3 tor $2195 EI ane Benemanca 
sembiet and UTE tN ae Hd 


S-100 PROTOTYPE BOARD 


Edge 
Connectors  —z 


CO 


ECTORS 


your caoice 


DB25P 


m 
male piug & hood 3-— uada 
Fm 2 aie 


DB255 female 100 PIN| S ey LINIVAC 
$395 IMSAI /ALTAIR KEYBOARD 


S300 . GOLD PLATED @ 125" CENTERS 
Qty fe. male hd. Aktar 140 10w sotderta4 , — $598 Y$16 50 
10 3.48 2.45 1.15 | mse 250 row soidertai $498 Y $1195 
25 315 2.25 10$. | 3Level Wire Wrap 250row — $498 3/$1300 
100 2.85 1.90 .95 


SPECIALS 
$00 225160 85 | WV sare as above without ears$3 50 3$10 
1N 19713? 13 | 72 (dual 36 Ww. 156 centers 


spared G«ectiy vpor your 
ansing telenton sytem 
Teus umt comes Ihe sg 
nal hom ine Apple Il and 
Ole! WANS Mite) iio 
Ped héQquenc es 
Operates trom angie 5 


$2 X 3% 


498 


10 tor $45, 


Scotch 


Certified Digital 
CASSETTE 


Wont drop a BIT! 


S 


Potter & Brumfield 


AODEM 2m deg sel 


~ 2708 


REED RELAY 


$1998 


tate" GONG wir Sarea 
Hediess decoding aes b." 
leag for SIO splen 
Rown tut 32 et or minea ‘h 


S volt coil,pulls3.5v. 


s e 


Digital Cassette Drive 


COMPUTER CONTROLED 

This precision I/O assembly features 
remote software controlled search 
capabilities. Two independent capstan 
drive motors allow the computer to 
contro! direction and speed of the 
transport. 

The assembly consists of a Raymond 
cassette transport, chassis, mother. 
board and three edge cards: read/write, 
capstan drive & control card. 


Current. replacement valued al over 
$700.00 Schematics and complete 
documentation included. USED, but in 
excellent condition. 


RELAYS 
SPDT MINIATURE 
i10 25 100 
5119... 5115 104 89 

Coil 12 Velt dc. 

7 Amp Contacts 


P.C. Board Mount 
2N22224.20 .18 16.15 


.69 .65.59.55 3 tor $129 +- Q 
19 .75 69.65 s gd I > ape 


159 149 139128 35 .29 power cord and mating 
283904 .15 11.09.07 Chassis connectors, 
283906 .15 .11.09.07 


Diodes 


10 25 100 
184002 100v..08 06.05 
1N4005 $00v..10.08.07 
184148 signal .07 05.04 


umbo "T ea. 10 25 100 
LED D's 115.13.11.05 


pes $ bes oure k do 
eoero ch ps | DP aadress 
eet woer o 5 0 65, 
igicc and "cie 

WWIOO.vme argo Cert 
posg tert: to ne BHCC 


Jos wre wien of CI eie 
vüceei* s ony nues ch | 
, :ormtegt s l 


Disnettes +550 


Sinch SoftcBM) 
Sinch 32 sector 
Mini Soft sec. 
Mini 10 sector 
Mini 16 sector 


21102 


LOW POWER 
450 nS 


CALIFORNIA 
INDUSTRIAL 


Authorities 
Dealer al 
Scotch Brand 
Data Products 


E 


UV Erasable 
MEMORY 


An ama cegar porte 
á mumpie «3*054 ücpica 


9? 79 65 


Miniature 
SWITCHES 


d 
of 


BPsBssessu 


FAI 
caa 


your choice 
$ 98 18. 50 100 1h 
3 $88 ,81.73.56 
SPDT Miniature Toggles 
TI01CAK ON-NONE-ON 
7107 jbt UN-OFFimant. DNI 
7108 CK ON-(moment, ON) 
Rocker JET DPor 
Rotary 3P-4-Pos 
Rolary 3P-6-Pos 
PushB «N.O. $.39ea.4 $1 
DIP Switch 

10 25 100 Ih 
1.29115 97 85 


CAPACITORS 


"Lowest Price 
Anywhere 


€— 


BSRSISOSVSRASSISRESSS 


ELECTROLYTICS 
ea 10 50 
80,000710v. 395 349 255 
4500750v.919* 135 ys 
1000/15v $55 49 45 
axis 


CV ibirecviy trom one 
o! Cahlomias Iearing sem 
Conaoctor manulazturers 


$12 09 .07 
.06 05 .04 


Al dise 
Ol disc 
6 vdc,140mA $1.39 
7?vdc, 1.4 A. 5.50 
9vdc, 15mA. 1.19 
10 vAc,300mA. 1.95 


^ tad 


LEET ERRE, PEETI 


Wire Wrap Center 


IC SOCKETS 


wira wrap low profile 
ea. 25 59 ea. 25 50 


17 16 15 
18 17 16 
19 18 17 
36 35 34 
63 60 58 
KY NAR fea? 

$00 1000 11,000 
$15. $105. 


Transistors 


es, 19 50 100 


HEBES 


222 
SKUSsIsSSSheessevapssysssessIses 


ae 12 
EE] | 
RO.» 

BI 


M13055 
] 283772 


Maur 


da38388382899225230 «8099900299921 | 


EE POTE 


III 
i295 
s2995 

Bw 630 


ON ROBBY WRAP-10 
(wire wrap B tteig tee! 


$545 


3% 36 35 
38 37 36 
99 93 85 
169 155 139 


Mom maa 


TERMINALS. 


INSULATED 


Specily 22-18. 16 Reg » sott. 


i100 500 th *98 
450 20. 35. . 39. 
(213) 772-0800 
AR marchandas sold by Catiloria industrtel te premium grade 
Qrdarn are shipped Ihe same day received. 
PLEASE INCLUDE 5100 SHIPPING ON ORDERS UNDER $15.00 


Calitomia reskdants add 6% sales len * Money bach guaramise 
Serry, so COD'S. o Fo orders add t05 


Credit cards accepted. $20 minimum 


iii ended BB 8855S 


SPECIAL 
GENERAL INSTRUMENT ASCH Keyboard Encoder 
AY $3600 Prime but house marked onty $4 05 
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Circle 60 on inquiry card. 


ON THE MARKET 
1. SERIAL TTL LEVEL 
2. BUFFERED 8 BIT (TRI-STATE LATCH) PARALLEL 
OUTPUT WITH VALID DATA SYNC PULSE AND LEVEL 
3. 20MA OPTO-ISOLATED CURRENT LOOP, POLARITY 
INDEPENDENT 
4. EIA RS232C 
*SINGLE *5 VOLT 300 MA (NOMINAL) POWER SUPPLY 
(REQUIRED) 
*t INDUSTRY STANDARD 2 KEY ROLLOVER ENCODER 
wt ANSI-COMPATIBLE KEY SET; FOR SLIM-LINE “HIDE- 
AWAY" PACKAGING 


COMPONENT SALES INC. 


I] 77&A BRANNAN, SAN FRANCISCO, CA 94103 
(415) 861-1345 


Educational Grade VIDEOTAPE Special: 4'x2400’ 20 boxes/$125.00 


The “Pro” ios ac ASCII Keyboard by Cherry. Auto RE- 
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in ‘The Case’, Below) $119.00, 3/99,.00, 10+/89.00 


USED SYLVANIA The Dumb Terminal for Smart People 


Fi 
12" MONITORS 80x24 with full 128 char. ASCII UC+LC 
You Fix: $24.95 font with all contro! characters displayed. 
Workina: $69 95 300-19,200 baud RS232. 2nd font addressable 
ng: Esus from keyboard in you-program-it 2708 for 
Cold Chassis, 25łbs, APL, Graphics sets, etc. Plug in monitor 
VO connector, 110VAC and you are ready, 
pg. INCLUDES: ‘The Case’, Cherry Kbd. A used 
monitor, ESAT 200A, all options except 
vector addressable cursor and modem. 
Bulletproof design and construction. 
Normally $675.00 What you always 
wanted your ADM3 to be: 


SYSTEM"A" $649.00 10/$599,00 


“The Case’’ Beautiful and sturdy 
anodized aluminum case in deep black designed to contain the 


ESAT 200A, and with a beze! cut out for the Cherry ‘Pro’ keyboard, 


{installed as shown above) Choose deep brown, light yellow, or crim- 
son to accent or color code your installation, The only choice for 
hard-use institutional and educational applications. $69.00, 10/ 59.00 
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Stand Alone ASCII Keyboard Specification 


*tá SIMULTANEOUS OUTPUTS AVAILABLE: THE ONLY ONE 


$138°° 


ASSEMBLED 
AND TESTED 


Plus $3.00 handling charge. 
California residents 
add 6!/2% sales tax. 


*SEGMENTED SPACE BAR ALLOWS FAST MULTIPLE- 
SPACING WITHOUT REPEAT KEY 

"REPEAT KEY REPEATS AT CHARACTER RATE 

"USER SELECTABLE UPPER CASE ONLY (KSR/ASR/33 
REPLACEMENT) OR UPPER/LOWER CASE 

* FACTORY SET AT 110 BAUD BUT EASILY ADJUSTED BY 
USER TO ANY BAUD RATE FROM 110 TO 9600 BAUD 

FLEXIBLE PARITY 

*LED INDICATOR FOR SHIFT-LOCK KEY ELIMINATES 
CASE UNCERTAINTY 

w24 PIN DUAL—INLINE CONNECTOR 

LOW PROFILE CASE (OPTIONAL) $40.00 


c2 Orders accepted by phone or mail. 


MASTERCHARGE s: VISA *%* COD x: CHECK t MONEY ORDER 


SI 
A. 943095 


* Hard and Soft Sectoring 

* Single and Dual Density 

* Double side configuration 
as a retrofit at any time, 
*110/220V, 50/60H: 

*Pin for pin compatable with 
Shugart 800,801,850,851 
(50 pin edge connector) 
$536, 2/499, 5/475, 10/449 
25/425, 100/405 


Double Sided Retrofit $200 


THE FANTASTIC! 
MEMOREX FIVE-FIFTY 


MINIDISKETTES (5.25') 1-9 10-24 25+ 
10, 16 or Soft Sector $4.79 4.65 4.45 


STANDARD (8’) DISKETTES 
Hard or Soft Sector $5.99 5.33 4.79 


CASSETTES 
R-300 Certified Phillips Type $5.25 4.99 4,35 
1-150 Certified for audio decks $4.60 4.30 3.90 
("Kansas City’ & SWTP formats} 
yin type fans 87,95 Power Supplies 
SUD R us oa ao roa aioe, 10134 S600 
Contains IC's, T.I. Sockets (1cent/pin) 


OUR CATALOGUE Advice and much more. It is free. 
Air: $0;75/Ib., 1.00 minimum 


Sipping and Handling: Surface: $0.40/1b. 
Cal. Tax: 6.5% Insurance: $0,50 per $100.00 


Circle 115 on inquiry card. 


Circle 100 on inquiry card. 


16K E-PROM CARD 


IMAGINE HAVING 16K OF SOFTWARE ON LINE AT ALL TIME! 
KIT FEATURES: $-100 wit Buss gran 


. Double sided PC board with solder | ! PRICE CUT! 
mask and silk screen and gold plated ‘ee ly ] 


contact fingers. 
. Selectable wait states. 
. All address lines & data lines buf- 
fered! | | 
. All sockets included. ( dk Nae: i ee M WAS $69.95 


5. On card regulators. “it kl deu SPECIAL OFFER: 


KIT INCLUDES ALL PARTS AND — am n 
SOCKETS (except 2708's). Add $25. for | auar A9 Our 2708's (450NS) are $12.95 
assembled and tested. when purchased with ebove kit. 


BK LOW POWER RAM KIT-$149.00 


$- 100 eia aile Buss Ss 2 KITS FOR $279 
à Fully Assembled & Burned In 


Redi $179.00 
tmi aon c) i ak T ci Y m : : 
1. Doubled wr" PC Board with solder DH wil Fe m Taas E Vai e Blank PC Board w/ Documentation 
and silk screen layout. Gold y we i à; $29.95 
; plated contac gers Tee aden wo Low Profile Socket Set ‘ 
. Fully buffered on all address and à "Hv Support IC's (TTL & Regulators) 
data lines. SEP V LS TA edad VN $9.75 
i em is jumper selectable tu ai = i E 
5 : Bypass CAP's (Disc & Tantalums) 
* POUR 7805 regulators are provided fú $4.50 
on card. (450NS) USES 21L02 RAM'S! 


MC 3401. PIN FOR PIN SUB. NS MMESTSAA Sw Dias | FULL WAVE BRIDGE | wor associate with oratra 
FOR POPULAR LM 3900. With tull Data. New! 4 AMP. 200 PIV. RESEARCH OF CALIFOANIA, THE 


3 FOR $1 $1 95 each 69€ 10 FOR $5.75 SUPPLIERS OF CPM SOFTWARE. 


450 NS! 2708 EPROMS 
MOTOROLA 7805R VOLTAGE REGULATOR i i i 
Same as standard 7805 except 750 MA output. Now full speed! Prime new units from a major U.S. Mfg. 450 N.S. 


T0—220. 5VDC output. Access time, 1K x 8, Equiv, to 4-1702 A's in one package. 
44c each or 10 for $3.95 $15.75 ea. 4 FOR $50°° 


COMPUTER MFG MAKES 


ME otor 4K RAM CHIPS — 99€ each 


GOOF' 
A major U.S computer mfg installed thousands of these 4K Motorola RAM's on (he wrong boards and had to remove them. All parts were then tested, and met 
FULL SPECS! If you don't mind a little solder on Ihe leads, then this is Ihe best memory buy in the wortd, Arranged as 4096 x 1 Bits. 470 NS. 
The Motorola 6605 is one of the easiest dynamic RAM's to use since It DOES NOT require multiplexed addresses as do most other 4K's such as the 4096 or 4027. 
A complete memory board design using the 8805 is outlined in the Motorola M6800 Applications Manual starting on page 4-70. 


996 cc. LOOK! 


"WITH DATA SH 
MCM6605 FOR $6.95 YOU GET AS MUCH STORAGE AS IN 32 - 2102s! EIZO $6.95 
FULLY GUARANTEED! SURPLUS BUY OF THE DECADE!!! 4096 BYTES OF RAM! 


Tia Nahe OPCOA LED READOUT Z-80 PROGRAMMING MANUAL 
standard. Arranged as 1K SLA-1. Common Anode. By Mostek, The major Z-80 second source. The most 
x4. Equivalent to 4-21 | :33 inch character size. | detailed explanation ever on the working of the 2-80 CPU 
LO2's in 1 package! 18 | The original high efficiency | CHIPS. At least one full page on each of the 158 2-80 
pin DIP. 2 chips give 1Kx8. | LED display. 75698. | instructions. A MUST reference manual for any user of 


2/$24. 8/$85. 4 FOR $2.50 the Z-80. 300 pages. Just off the press. $12.95 
New! REAL TIME 
21 02 RAM BLOWOUT! HEAVY Dum Tantalum Capacitors Comana Clock Chip 


3 Full Wave Bridge 
Fully static. Standard Power. The 25AMP SOPIV 1 MFD. .35V. By | N.S. MM5313.Features 


mostpopular RAM for microprocessors. Kemet. Axial Lead.) BOTH 7 segmant and 
We made a huge surplus buy, but there $1.25 Best Value! — 10/$1. | Dip. $4.95 with Date 
will be NO MORE WHEN THESE ARE GE 10 AMP Triac LS SERIES TTL 


GONE! SC146D. House no. TALEOD— abe 


2 l To-220 case. Rated 74LS04 — 35c 
Part #21F02-4 450 N.S. FAST! 10 amps 400PI V. 74 


8 FOR *65 32 FOR $25 7Scea,  3/$2. 


74LS573 — 49c 74L5368—85c 


. » bed TERMS: Urd der $15. add 75c. No COD 
Digital Research Corporation | Ken usk taner ao Anen bie 
r ney Back Guarantee on all ite 
P. O. BOX 401247 © GARLAND, TEXAS 75040 * (214) 271-2461 Flesidents add 5% Sales Tax. WE PAY POSTAGE! 
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MASS STORAGE 


AED 101 Floppy Disk Power Supply 


A power supply for floppy disk sub- 
systems has been developed by Ad- 
vanced Electronics Design Inc, POB 
61779, Sunnyvale CA 94088. The AED 
101 Triple Output supplies +5 VDC at 
12 A, 712 VDC at 0.7 A, and +24 VDC 
at 3.5 A. It contains features such as 
switching regulation of +5 V, foldback 
limiting, current limiting and short 
circuit protection. The AED 101 is 
compact and is said to be available 
immediately. The cost is $137.50 in 
large production quantities ($.90 per 
watt). E 

Circle 637 on inquiry card. 
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Organized Protection for Diskettes 


Fast, High Capacity Mass Storage 


M 


General Micro-Systems' new tape 
drive subsystem is a fast, inexpensive, 
high capacity mass storage device for 
microcomputers, The SYS | records 
biphase Manchester code at 1600 bits 
per inch on ANSI specified data 
cassettes with a transfer rate of 2000 
characters per second at ten inches per 
second. 

The tape record is variable length, 


June 1978 BYTE Publications Inc 


The KAS-ETTE/10 Library Case has 
been announced by the Aipha Supply 
Company, 18350 Blackhawk St, 
Northridge CA 91326. These library 
cases are designed to handle diskettes 
while in use, permanently store diskettes 
or safely ship several diskettes in one 
library case. When open and in use, a 
plastic insert aids in locating the desired 
diskettes. Color coded labels applied 
to the spine of the library case permit 
users to organize a permanent library. 
The units are available in blue or beige. 
Write to the manufacturer for further 
information and complete price list.® 


Circle 640 on mquiry card. 


which gives efficiency of storage space 
on tape, unlike the 128 or 256 byte 
fixed length records, where all bytes 
must be recorded, whether used or not. 
A 10 byte record may be followed by a 
32 K byte record. The user program may 
dynamically load the next record, oper- 
ating as a batch data processing system, 
with an unlimited amount of data. Over 
700 K bytes may be recorded on one 
side of a cassette, using large records. 
Rewind time is less than 30 seconds at 
over 120 inches per second. Search can 
be accomplished at over 120 inches per 
second by counting the interblock gaps, 
getting to any record in an average time 
of less than 15 seconds. 

One to four drives may be connected 
to the computer through the interface 
board. No power is taken from the 
computer bus, except what is necessary 
to run the simple synchronous serial 
interface board. 

The unit is offered assembled, tested 
and guaranteed. The single drive is $595, 
the dual drive is $969, and the Altair 
(5-100) interface board is $168. Contact 
Bob Smith, General Micro-Systems, 
12369 W Alabama Pl, Lakewood CO 
80228.9 

Circle 647 on inquiry card. 


Miniflappy System Offers Versatility 


The DataMate minifloppy disk sys- 
tem is a data storage and editing unit for 
connection between any RS-232 asyn- 
chronous ASCII coded printer or display 
terminal and its modem. Features in- 
clude 560 addressable records of up to 
128 characters each, selective data 
transfer rates of up to 9600 bps, editing 
capabilities, search modes, and manual 
and remote controls. The price is $1750 
from Western Telematic |nc, 2435 S 
Anne St, Santa Ana CA 92704, 


Circle 638 on inquiry card. 


Data Cassettes Specially Tailored to 
Small Systems Use 


The introduction of a full line of data 
cassettes and cassette tape data acqui- 
sition systems specifically designed for 
use in personal computers and various 
small business computers has been 
announced by the AVDEX Corp. For 
users who prefer to load different 
programs on separate cassettes, the 
cassettes are available in one minute, 
three minute and five minute lengths and 
are custom loaded with extra short 
leaders so that the leader at no time 
comes in contact with the recording 
head. This makes possible instant start 
operation and eliminates any lost data 
as a result of failure to allow the ieader 
to run through. In addition to short 
loads, a group of three cassettes in the 
C-20, C-40 and C-60 configuration is 
also available. Retail prices are: CDC-1, 
$4.95; CDC-3, $5.65; CDC-S, $6.35; 
DDC-20, $4.50; DDC-40, $5.00; and 
DDC-60, $5.50 from AVDEX Corp, 
2280 Grand Av, Baldwin NY 11510.8 


Circle 639 on inquiry card. 


ELECTRONIC SYSTEMS 


P.O. Box 9641 San Jose, CA 95157 (408) 374-5984 


FOR CATALOG INCLUDING PARTS LISTS AND SCHEMATICS, 
SEND A SELF ADDRESSED ENVELOPE WITH 24¢ POSTAGE, 


GENERATOR” 


Part no. 101 
* Converts serial to parallel and 


parallel to serial 

* Low cosl on board baud rate 
generator 

* Baud rates: 110, 150, 

300, 600, 1200, and 2400 

e Low power drain +5 volts and 
-12 volts required 

+ TTL compatible 

e All characters contain a start 
bit, 5 to 8 data bits, | or 2 stop 
bits, and either odd or even 
parity. 

* All connections go to a 44 pin 
gold plated edge connector 

* Board only $12.00; with parts 
$35.00 


8K 
STATIC : 
RAM — 


Part no. 300 

» 8K Altair bus memory 

* Uses 2102 Static memory chips 
e Memory protect 

* Gold contacts 

e Wait states 

* On board regulator 

s S-100 bus compatible 

* Vector input option 

e TRI state buffered 

* Board only $22.50; with parts 
$160.00 


To Order: 
= 6 


Circle 125 on inquiry card. 


RS*232] TTL 
INTERFACE y 


e Converts TTL to RS-232, and 
converta RS-232 to TTL 

* Two separate circuits 

e Requires -12 and +12 volts 

e All connections go to a 10 pin 
gold plated edge connector 

è Board only $4.50; with parts 
$7.00 


Part no. 6085 

e Board supplies a regulated 
+5 volts at 3 amps., +12, -12, 
and -5 volts at 1 amp. 

e Power required is 8 volts 
AC at 3 amps., and 24 volts AC 
C.T. at 1.5 amps. 

e Board only $12.50; with 
parts $42.50 excluding 


transformers 
TIDMA" iam 
* Tape Interface Direct Memory 


Part no. 112 

Access 

ə Record and play programs with- 
out bootstrap loader (no prom) 
has FSK encoder/decoder for 
direct connections to low cost 
recorder at 1200 baud rate, and 
direct connections for inputs and 
outputs Io a digital recorder at 
any baud rate. 

e S. 100 bus compatible 

e Board only $35.00; 

with parts $110.00 


Part no. 111 


TAPE 
INTERFACE * 


* Play and record Kansas City 
Standard tapes 

© Converta a low cost tape 
recorder to a digital recorder 

e Works up to 1200 baud 

o Digital in and out are TTL serial 
* Output of board connects to 
mic. in of recorder 

e Earphone of recorder connects 
to input on board 

* Requires +5 volts, low power 
drain 

* Board $7.60; with parts $27.50 
* No coils 


MODU LATOR 4 


* Converts video to AM modu- 
lated RF, Channels 2 or 3 

* Power required is 12 volts AC 
C.T., or +5 volts DC 

* Board $7.60; with parts $13.50 


Interface « 

Part No. 2 

* Baud rates up to 30,000 

© Plugs into Apple Peripheral 

connector 

* Low-current drain 

© RS-232 Input and Output 
SOFTWARE 

* Input and Output routine from 

monitor or BASIC to teletype or 

other serial printer. 

© Program for using an Apple Il 

for a video or an intelligent ter- 

minal. Board only — $15.00; 

with parts — $42.00; assembled 

and tested — $62.00. 


RS-232/TTY * 
INTERFACE t, 
Part no. 600 4. 


* Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 

e Two separale circuits 

o Requires +12 and -12 volts 

* Board only $4.50, with 

parts $7.00 


TELEVISION 
TYPEWRITER 


on eT ls m eec b 
que gia mm Em oS D es 
SS UIN eS i. ai 


Part no. 106 

e Stand alone TVT 

e 32 char/ ine, 16 lines, modifi- 
cations for 64 char/line included 
* Parallel ASCII (TTL) input 

e Video output 

* 1K on board memory 

* Output for compuler con- 
trolled curser 

è Auto scroll 

e Non-destructive curser 

* Curser inputs: up, down, left, 
right, home, EOL, EOS 

e Scroll up, down 

e Requires +5 volts at 1.5 amps 
and -12 volts at 30 mA 

e All 7400, TTL chips 

* Char. gen. 2513 

e Upper case only 

* Board only $39.00; with parts 
$145.00 


MODEM * 


Part no. 109 

e Type 103 

* Full or half duplex 

e Works up to 300 baud 

e Originate or Answer 

e No coils, only low cost com- 
ponents 

e TTL input and output-serial 
* Connect 8 ohm speaker and 
crystal mic. directly to board 
* Uses XR FSK demodulator 
* Requires *5 volts 

* Board $7.60; with parta $27.50 


Mention part number and deci For parts kits its add ", "A" to part number. Shipping ES for orders 
accompanied by check, money order, or Master Charge, BankAmericard, or VISA number, expiration 
date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% for tax. 
Parts kits include sockets for all ICs, components, and circuit board. Documentation is included with 
all producte. Dealer inquiries invited. 24 Hour Order Line: (408) 374-5984.* Designed by John Bell. 
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Bulletin CA-195 from Texas Instru- 
ments, POB 5012, Dallas TX 75222, 
explains the temperature-resistance char- 
acteristics of the TSP102 PTC silicon 
thermistor. The 22-page applications re- 
port is titled Tempereture-Resistence 
Characteristics of the TSP102 Positive- 
Temperature-Coefficient Silicon Ther- 
mistor and can be obtained by writing 
to the company.m 

Circle 654 on inquiry card. 


Manual on Relocatable Assembler 
for 2650 


A manual describing the Signetics 
2650 Relocatable Assembler can be 
purchased for $4 from Signetics. The 
assembler is a two pass program that 
builds a symbol table, issues error 
messages, produces a program listing, 
and outputs a computer readable object 
(load) module. The program includes 
conditional assembly, symbolic and 
relative addressing, forward references, 
free format source code, self-defining 
constants, complex expression evalu- 
ation, relocatability, and pseudo oper- 
ations. The assembler is capable of 
generating data in several number based 
systems, including ASCII character code. 

The manual covers such subjects 
as a summary of 2650 instruction 
mnemonics, ASCII code and character 
set, conversion of previous cross 
assembler source programs and 2650 
assembler grammar. 

Contact  Signetics, MOS Micro- 
processor Marketing, POB 9052, 811 E 
Arques Av, Sunnyvale CA 94086, (408) 
738-7700.B 


Circle 655 on inquiry card. 
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Computer Aided Education Materials 


ENTELEK is currently offering a 
large list of directories, reports, confer- 
ence proceedings, and periodicals on the 
subject of computer-based education. 
Among the nearly 30 titles offered are 
index to Computer Based Learning — 
1976, Research Guidelines For Com- 
puter-Assisted Instruction, The LOGO 
Language  — Learning Mathematics 
Through Programming, Proceedings of 
the Fall 1976 EDUCOM Conference, 
and the 1978 edition of Computer 
Based Education Abstracts compiled 
by ENTELEK. The ENTELEK CBE 
Abstracts contain selected reports sum- 
marized in abstracts up to 250 words in 
length and brought together under 
headings that include "CAI in Reading," 
"CA| in Science," "Computer Aided 
Counselling," '"Minicomputers," "Net- 
works," “Decision Rules,” “Simu- 
lation," etc. A complete list of titles and 
prices is available from ENTELEK, Dept 
T, POB 810, Newburyport MA 01950.BM 


Circle 656 on enquiry card. 


Electric Counter Selection Guide 


A new six page, four color selection 
guide from Hewlett-Packard summarizes 
specifications and characteristics of 15 
counters in HP’s electronic counter line. 
Included are models from simple, low 
cost, frequency counters to sophisticated 
high speed universal and microwave 
counters, Described are two new micro- 
processor controlled models: Model 
5342A Microwave Counter for auto- 
matic measurements to 18 GHz, and the 
Model 5370A Universal Time Interval 
Counter with a resolution of +20 pico- 
seconds. The selection guide Efectronic 
Counters is available free of charge from 
Hewlett-Packard, 1501 Page Miil Rd, 
Palo Alto CA 94304.8 

Circle 658 on inquiry card. 


Free Computer Guides 


To keep you up to date on new com- 
puter products, stores, etc, the following 
guides are available free of charge: A 
Shopping Guide to Computer Stores, A 
Guide to Computing Magazines and 
Books, A Guide to Computer Clubs and 
User Groups, A Guide to the Home 
Computer. Each guide is approximately 
50 pages long. To get a copy of any 
guide simply write *o Microcomputer 
Resource Center, 5150 Anton Dr, Room 
212, Madison WI 53719. It would be 
appreciated by the Center if you would 
send $.35 in stamps for 1st class postage 
for each guide requested (184 for 3rd 
class).8i 

Circle 657 on inquiry card 


Electro Rent Microcomputer 
Development and Test Equipment 
Rental Catalog 


This 8 page catalog features neariy 
200 pieces of the latest microcomputer 
and minicomputer development and test 
equipment available for rental. Equip- 


ment manufacturers include Intel, 
Tektronix, Biomation, Prolog, Digital 
Equipment, Beehive, Hewlett-Packard, 
iCOM, Remex and Texas Instruments. 
For further information contact Electro 
Rent, 4131 Vanowen PI, Burbank CA 
91505." 


Circle 573 on inquiry card, 


New "Breadboarding and Test 
Equipment" Catalog 


A new, full-color 12 page catalog is 
available describing Continental! Special- 
ties Corporation's entire line of elec- 
tronic prototyping development and 
testing hardware. The contents include 
quick test sockets, experimenter sockets, 
and Proto Board breadboards, Design 
Mate test instruments, Proto Clip IC 
test clips and clip-on IC Logic Monitors. 
Breadboarding & Test Equipment is 
available from Continental Specialties 
Corporation, 70 Fulton Ter, New Haven 
CT 06509." 


Circle 572 on inquiry card. 


Industrial Control Microcomputers 
Brochure 


A new 8 page brochure describes 
Wyle's line of microcomputers, digital 
logic modules, and software. The line 
includes parallel and serial digital IO, 
analog 10, communications modules and 
a wide variety of other units including 
over 200 digital logic modules. Also 
available are modules to allow the Wyle 
hardware to couple directly to existing 
4-20 and 10-50 mA current loops. To 
obtain a copy of this brochure contact 
Wyle Laboratories Computer Products, 
3200 Magruder Blvd, Hampton VA 
23666, m 


Circle 571 on inquiry card. 


«S A “Smart” VIDEO BOARD 
^" The EW-2001 KIT At A “Dumb” Price! 


A VIDEO BOARD + A MEMORY BOARD + AN I/O BOARD — ALL IN ONE! 
= STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR I.C. $ l 09 0 5 
e 


a NUMBER OF I.C.s REDUCED BY 50% FOR HIGHER RELIABILITY = MASTER PIECE 
OF ENGINEERING # FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 


SPECIAL FEATURES: a Programmable no. of scan lines OPTIONS: 
m S-100 bus compatible a Underline blinking cursor Sockets T. ilr er $10.00 
m Parallel keyboard port m Cursor controls: up, down, left, 2K Static Memory 
= On board 4K screen memory right, home, carriage return (with Sockets) ...... $45.00 
(optional)* relocatable to main = Composite video 4K Static Memory 
computer memory *Min. 2K required for operation of this board. (with Sockets) ...... $90.00 
= Text editing capabilities (soft- DISPLAY FEATURES: Complete unit, assembled 
ware optional) a 128 displayable ASCII re and tested with 
= Scrolling: up and down through ers (upper and lower case alpha- a Memory ac ges 3055 
video memory numeric, controls) Basic software on ROM . $20.00 
s Blinking characters = 64 or 32 characters per line Text editor on ROM.... $75.00 
m Reversed video (jumper selectable) 
a Provision for on board ROM m 32 or 16 lines 
= Provision for onboard scratch Gumper selectable) 
pad RAM (256 x 8) B Screen capacity 2048 or 512 DEALER 
a CRT and video controls fully m Character generation: 
programmable (European TV) 7 x 11 dot matrix INQUIRIES WELCOMED 


APPLE Il 
I/O BOARD KIT 


Plugs into slot of APPLE II MOTHER BOARD 


ASCII sra GENERATION |, *9NLY 


KEYBOARD KIT #68.00 


FEATURES: KIT INCLUDES: 
= 1 8-Bit Parallel Output Port P.C. Board, I.C.’s Sockets 
(Expandable to 3 Ports) and Assembly Manual. 


» | Input Port 
= 15mA Output Current Sink PRICE: 


or Source 1 Input and $ 49 
a TTL or CMOS Compatible 1 Output Port 


= TTL Logic Circuits OPTIONS: 
a Addressable anywhere in 1 Input and = Power: +5V 275mA = Metal Enclosure 
memory output area 3 Output Ports $64 = Upper and Lower Case Painted IBM Blue S 
= Can be used for peripheral æ Full ASCII Set (Alpha and White) $25.00 
equipment such as printers, Numeric, Symbols, = 18Pin Edge Con. $2.00 
floppy discs, cassettes, DEALER Control) ® J.C. Sockets $4.00 
paper tapes, etc. INQUIRIES INVITED = 7or 8 Bits Parallel Data = Serial Output (Shift 
INSTRUCTION MANUAL AND * Optional Serial Output  , Register) $2.00 
SOFTWARE LISTINGS AVAILABLE FOR: = Selectable Positive or SUPE vius o 
PR40 SWIPC Printer... cs cece el nanas $10.00 Negative Strobe, and pons or Capital 
Converted Selectric «2.12.27 s esa $10.00 Strobe Pulse Width etters and 


Numbers $2.00 


SHIPPING: Keyboard and Video Board: $3.50; [/O Board: $1.00 = ‘N’ Key Roll-Over 
California residents add 6% sales tax = Fully Debounced KIT INCLUDES: Keyboard, 
ELECTRONICS WAREHOUSE Inc. f " Carriage Return Key d deu seb mde id 
1603 AVIATION BLVD. = Repeat Function Key i 
REDONDO BEACH, CA. 90278 m Shift Lock, 2 Shift Keys NOTE: If you have this 63 
TEL. (213) 376-8005 a 4 User Defineable Keys Key Teletype Keyboard you 
WRITE FOR FREE CATALOG a P.C. Board Size: can buy the Kit without it 


for only $44.95. 


17-3/16” x 5” 


You are invited to visit our store at the above address 
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Circle 242 on inquiry card. 


(@) CUCETCOM BOARDS 


WIC ne. WAMECO INC. 


MEM-1 BKXà8 fully buffered, S-190, uses 2102 type 
rams. PCBD Tace Daven; | al ceca TI 
Mother Board 12 siol, terminated, S-100, board 


MIKOS PARTS ASSORTMENTS 


All piece parts tor assembly of Wameco and SSM 
eivai All Factory Marketed Parts. Order PCBDs 
right. 


MB-1 MK-8 Computer RAM (not S-100), 4KX8, uses 


OMY p—  —— HE. (811 
2102 lypa RAMs, PCBD only n.n- $22.00 | Cpl. BOBA Processor board S-100 wilh 8 level | Mikos #1 Parts for MEM-1 PCBO with prime 
MB-3 1702A EROM Board, 4KX8, S-100 switchable .... $25. 


ctor Inlerrupt PCBD 5.95 | 2102AL-4 450 . Less PCBD $103.00 
address and wait cycles, kit less PROMS. ... $5800 | RTCA Reallin pen, icti aeos 


RTC-1 Realtime clock board. Two independent in- Mikos #2 Paris lor CPU-1 PCBD with prime 8080A 
MB8-4 Basic 4KX8 ram, uses 2102 type rams 5-100 8212's and 8214. Less PCBD .. .. $60.00 
buss. PC board $25.95 


terrupis. Software programmable. PCBD $23.95 

EPM-1 1702A 4K Eprom card PCBD $2595 | Mikos #3 Parts tor MEM-1 PCBO with prime 
MB-6A Basic 8KX8 ram uses 2102 type rams, S-100 2102AL-2 250 nsec rams. Less PCBD . $113.00 
buss, PCBD ........ ES EEE uss! e atest EOD 


10% discount on 10 or more of WAMECO PCBD 

in any combination. Mikos #4 Parts for QM-14 with super low loss gold 
MB-7 16KX8, Static RAM uses „P410 Protection, plated connectors. Less PCBD. $52.00 
fully buffered. KIT... ....... .......$375.00 


2102AL-2 Prime 250 NSEC , 
2102AL-4 Prime 450 NSEC u Mikos #5 Parts for RTC-1. Less PCBD $40.00 

MB8-B 2708 EROM board, S-100. 8KX8 or 16KXB kit 

without PROMS WU Or ^ $65.00 Mikes #6 Paris lor VB-18 less molex dci 


2708 Imel Prime (.5USEC)  .. 
2708 Prime {National} ... . and PCBD. . 
MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or | 1702A-6 AMD Prime 
825129 PROM kit without RAMs or PROMs ..$7200 | 1702A Intel Not Prime (2US) 
10-2 S-100 8 bit parallel 1/O port, 24 of boards is for | oso1p “$1.50 1 
Kiudging. Kit ... . $46.00 PCBD... ......$25.95 25028 
10-4 Two serial I/O poris with full handshaking 2504 
20/60 ma current loop: Two parallel 1/0 ports. 2507V 
Kil we $130. PCBD $29.95 
VB-1B 64 x 16 video board, upper lower case Greek. 
composite and parallel video with software, 5-100. 
Îl oses $125. 


$1.60 


B2506 
62507 
82350 
82862 
82890 
82991 
8TO1 
8T09 
8T10 
8T13 
8T14 
8T20 
8T23 
8T24 


^ 


RS C3 PO IND PO PO — BO et e cA DA LA A 


BT26 
8T28 
8134 
8T37 
8T38 


2510A 
00 PCBD .... .. .. $25.95 


2517V 
2518B 
2519B 
Altair Compatible Mother Board, 11x 11% x Vh". 2521 
Board only . .$40.00. With 15 connectors . 
Extended Board full size. Board only... 
Wilh connector . .. Moe eee ee je 


SP-1 Synthesizer Board S-100 
New Low Price 


82523 
825123 
825114 
825115 
825126 
825129 
8285130 
828131 
628136 
828141 
MMI6330 


2522 
2525 
2527 
2532V 
2529 
Kit " 2533V 


rA a a aa t N O a Ch Gw 
iin omn inaouuopmunuüpuoununooi 
$08585958555 


MHüO028 


58895869505888888 
= ww 
A RD DO =t PO N S AS ANNI NO 
S88558855552588 


PRIME OEVICES 


B080A $12. 
8212 
8214 
8216 
8224 
8228 
8251 
8255 


Check or money order only. If you are not a reg- 
ular customer and your order is large please 
send either a cashier's check or a postal mon- 
ey order, otherwise there will be a delay of two 
weeks for the check to clear. All items post paid 
in the U.S. Calif. residents add 696 tax. Money 
back 30 day guarantee. We cannot accept re- 
turned IC's that have been soldered to. Prices 
subject to change without notice. $10 minimum 
order. $1.00 service charge on orders less 
than $10. 


55588552855 


419 Portofino Drive 
San Carlos, California 94070 
Please send for IC, Xistor 
and Computer parts hst 


me a L O Go pd ot O N a d 
O 0 9» tn C Oo WN 
$eec92s93S8 

Qu ouUnOt 


NO RISK ! 7 DAY 
APPROVAL ON ALL 
MAIL-ORDERS. FULL 
REFUND ON RETURNS. 


TAPE DRIVES 


®AMPEX MODEL TMX TAPE DRIVES with built-in NRZ1 formatter. B00 
BPI, 9 track, 12 IPS, 8” reel includes 8 bit CPU controlier diagram and 8080 
interface instructions, Ideal for microcomputerist who wants back-up mass 
storage and access to IBM-tvpe systems via standardized 14" maq tape. . . $750 
aAMCOMP SERIES 2700 TAPE DRIVES: current model, vacuum column 
control; like new: 
121 MODEL 2749 - 45 ips, 800 BPI, 7-Track, 10" reef... sss.. $1500 
(3) MODEL 2769 - 125 ips, 800/1600 BPI, 9-Track, 10" reel. . .$3000 
eTAPE DRIVE FORMATTERS, "Pertec Standard Interface" - 
(3) AMCOMP SERIES 2900 NRZl/Phase Encoded, 25-125 ips, , $1500 
(1) PICO MODEL 1011, NRZI. 800 BPI FORMATTER / 
CONTROLLER for PDP-14.......c,ccceeerecescaenn es $2000 
sMODEMS, Full-Duplex, Auto Answer circuitry, by VADIC CORP. 
BELL 103 Type (300 Baud) Circuit Card only... ne $75 
BELL 103 Circuit Card, Power Supply, Case, Connectors .......... $125 
BELL 202 Type (1200 Baud) with Reverse Channel Transmission from $125 
a DB-25 MALE CONNECTOR + 2 wire cable to Phone Jack. n.s.. erisus.. S4 
«PAPER TAPE READER (ADDMASTER 601-1): 150 cps, LED sensors read 
52 level tapes, bi-directional stepper motor, includes TTL seria! interface 
plus 8080 parallel interface instructions, Requires +5V & 24¥......,590 
aDATATEST PROGRAMMABLE AUTOMATIC CIRCUIT CARD ANALYZER 
MODEL 40004... 0. ccc cece ern Sa siu e 9 ace ecoooosesss OUO 
MODEL 4700. ...... learn n nn ia E pays s/n o vale nai s. OD 
sDIABLO SYSTEMS Spare Circuit Cards for HyTypa Printer, Series 20 + 40 
Disk Drives; complete but defective or below current revision level, ss.. ., $20 
2ASCH ENCODED KEYBOARD from HyType Terminal, never used » » » , „$60 
a TELEPHONE ACOUSTIC COUPLER.......... $30 


Call or write tor details, Quantity discounts, order 
dorms. All orders shipped from Stock = no Deck orders 
no substitutions All equipmant is shipped insured 
FOB Palo Alto within 7 days after chack clears or COL 
order is received, M/C & VISA cards accepted, el 
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PACIFIC OFFICE SYSTEMS, INC. 
2600 EL CAMINO REAL. SUITE 502 


PALO ALTO, CALIF. 
(415) 


e SELECTRIC 1/0 TERMINALS (by GTE/INFORMATION SYSTEMS). in- 
cludes 8080 interface plus software ASCII translation and 1/O driver routines 
15" carriage, interchangeable type spheres & carbon/fabric ribbons, Built-in 
modem optional, 

MODEL 5541 (IBM Corresoondence Code, 2741-tvpe terminal). .... . $895 
MODEL 5550 (Corres. Code w/350 char. line buffer memory * built-in 

cassette drive for data storage/off-line printing/word processing. . .$1495 

MODEL 5560 (ASCII Code, with cassette tape drive)... 2...» $1495 

© IBM SELECTRIC TYPEWRITER with magnets, switches & magnet driver PCB 

fram GTE/IS Terminal) plus instructions for BOBO printer/driver interface. 

Typewriter mechanism complete, cleaned & adjusted ,,..... s... $325 
Aluminum Case & Power Supply (+24V, 112V, *5V @5V)...... M: 

o CONVERT IBM OFFICE SELECTRIC to 1/0 Typewriter: solenoids, switches, 
wire harness, magnet driver PCB plus instructions + 8080 Interface Diaa. $150 

5» [BM PIN-FEED PLATENS for 15" SELECTRICS (13 1/8 pin-to-pin) new $50 

e IBM SELECTRIC APL TYPE SPHERES (Specify EBCDic or Correspandence 
Codsl. new 5 

gredi; Lea Ayre e LECTRICS. 
for 15° Carri l un MOT CRI 

e DIGITAL CASSETTE DRIVE (from GTE/IS Terminal) 2400 baud, FwO/; 
REWIND/STOP circuitry, plus tape head, but no cead/write electronics. $25 


+ Tare 

RIBB 

(.10" spacing) + paddle card . 
AC LINE FILTER 10AMP RFI (110/230V) with Line Relay + Fuses new $50 


e09*865232 «2 9 € "99 à b 5 9v322nmPs 


day warranty against defects in material or work- 
manthip on all usad equipment, Full documentation 
included PLUS interface instructions where indicated, 
94308 Availability subject to prior sale. Prices may change 
321! - 3866 without notice, 


Circle 292 on inquiry card. 


1N914 100v 
1N4005 600v 
1N4007 1000v 
1N4146 75v 
1N753A 6.2v 
1N758A 10v 
1N759A 12v 
IN4733 5.1v 
1N5243 13v 
1N52448 14v 


1N5245B 15v 


C MOS 


4000 15 
4001 .15 
4002 .20 
4004 3.95 
4006 .95 
4007 .35 
4008 .95 
4009 .45 
4010 .45 
4011 .20 
4012 .20 
4013 40 
4014 .85 
4015 .8D 
4016 36 
4017 1.10 
4018 1.10 
4019 50 
4020 85 
4021 1,00 
4022 .85 
4023 .25 
4024 75 
4025 30 
4026 1.95 
4027 .B0 
4028 .95 
4030 .35 
4033 1.50 
4034 2.45 
4035 1.25 
4040 1.35 
4041 ,89 
4042 25 
4043 95 
4044 95 
4046 1.75 
4049 45 
4050 45 
4066 .95 
4069 40 
4071 35 
4081 .70 
4082 45 
MC 14409 14.50 
MC 14419 4.85 


MICRO'S, RAMS, 
CPU'S, ETC. 
748188 3.00 
1702A 4.50 
MM5314 3.00 
MMB318 3.50 
2102-1 1.45 
2102L-1 1.75 
TR1602B 4.50 
TMS 4044-45NL 14.50 
8080AD 12.00 

1.50 


Circle 18D on inquiry card. 


9000 SERIES 
9301  .85 95H03 1.10 
9309 .35 9601  .45 
9322 75 9602  .45 


7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7426 
7427 
7430 
7432 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 


DIODES/ZENERS 
TOMA 
1A 
1A 
TOMA 


Z 


ROM PK OM ON IN 


SOCKETS/BRIDGES 


.05 8-pin pcb .25 ww 
.08 14-pin pcb .25 ww 
.15 16-pin pcb .2b ww 
.05 18-pin pcb .25 ww 
.25 22-pin pcb 45 ww 
25 24-pin pcb .35 ww 
25 28-pin pcb .35 ww 
25 40-pin pcb .50 ww 
25 Molex pins .01  To-3 Sockets 
E: 2 Amp Bridge 100-prv 


25 Amp Bridge 20 


15 7473 25 
15 7474 .30 
.20 7475 35 
.20 7476 .40 
15 7480 55 
25 7481 75 
35 7483 95 
55 7485 75 
25 7486 25 
15 7489 1.35 
10 7490 55 
25 7491 95 
.30 7492 95 
35 7493 35 
1.10 7494 75 
.25 7495 .60 
.40 7496 .80 
15 74100 1.15 
.30 74107 35 
45 74121 35 
15 74122 55 
.30 74123 55 
30 74125 45 
35 74126 .35 
25 74132 1.35 
1.15 74141 90 
.45 74150 85 
.65 74151 .65 
45 74153 75 
65 74154 95 
95 74156 95 
95 74157 65 
65 74161 85 
25 74163 .85 
25 74164 .60 
.20 74165 1.50 
25 74166 1.35 
40 74175 .80 
45 

40 


O-prv 


T 
74176 
74180 
74181 

74182 
74190 
74191 

74192 
74193 
74194 
74195 
74196 
74197 
74198 
74221 

74367 


75108A 
75110 
754981 
75492 


74H00 
74H01 
74H04 
74H05 
74H08 
74H10 
74H11 
74H15 
74H20 
74H21 
74H22 
74H30 
74H40 
74H50 
74H51 
74H52 
74H53J 
74H55 


MCT2 .95 

8038 3.95 LM320T5 
LM201 75 LM320T12 
LM301 45 LM320T15 
LM308 imn .95 LM324N 
LM309H .65 LM339 
LM309K (340«-5)85 7805 (34075) 
LM310 1.15 LM340T 12 
LM311D tmin) 75 LM340T15 
LM318 iminy .95 LM340T18 
LM320K 51780511.65 LM340T 24 
LM320K 12 1.65 LM340K12 


INTEGRATED CIRCUITS UNLIMITED 


A5 2N22224 NPN (2N2222 Plastic ,10) .15 
40 2N2907A PNP -15 
` 2N3906 PNP [Plastic] EI" 
-40 2N3904 NPN (Plastic) 10 
75 2N3054 NPN 35 
25 2N3055 NPN 15A 60v 50 
10 T1P125 PNP Darlington 36 
t LED Green, Red, Clear, Yellow 45 
45 D.L.747 7 seg 5/8" High com-anade 1.95 
.25 XAN72 7 seg com-anode (Red) 1.25 
MAN?I 7 seg com-enode (Red) 1.25 
45 MAN3GIO 7 seg com-anode (Orange! 1.25 
20 MANS2A 7 seg com-anode (Yellow) 1.25 
MAN74A 7 seg com-cathode (Redi 


FND359 


TRANSISTORS, LEDS, etc. 


7 seg com-cathode (Redi 


TL - 

1.25 74H72 45 748133 E 
75 74H101 75 748140 .b5 
2.25 74H103 75 745151 -30 
95 74H106 .85 745153 .35 
1.75 745157 5 
1.05 74L00 125 748158 3a 
75 74L02 .25 748184 1.05 
.85 74L03 .30 748257 (8123) 1.05 

1.25 74L04 .30 
95 74L10 30 74L500 .28 
1.25 | 74L20 .d5 7AL S01 35 
1,25 74L30 45 74802 35 
2.35 74L47 1.95 74L504 .30 
1.00 | 74L51 45 74LS05 .45 
.85 74L55 65 74LS08 25 
74172 45 74L509 -35 
35 74L73 40 74L510 ,35 
-35 74L74 45 74L511 35 
50 74L75 55 74LS20 25 
.50 74L93 55 74L521 .25 
74L123 85 7F4L822 29 
15 74,832 40 
25 74500 35 7ALS37 35 
.20 74502 35 74L540 AB 
.20 74503 .30 74L542 1.10 
.38 74504 30 74LS51 50 
36 74505 35 JAL S74 65 
35 74808 35 74LS86 65 
45 74510 35 74L590 95 
.30 74811 35 74LS93 .95 
.25 74820 35 74L$107 85 
40 74540 20 74LS123 1.00 
.20 74550 .20 74LS151 95 
25 74551 25 74LS153 1.20 
.25 74564 .20 74L S157 .85 
.25 74874 35 74L3164 1.90 
15 745112 .60 74L5367 #5 
.25 748114 .65 74LS368 35 
.20 74C04 -29 
74C151 2.25 


LINEARS, REGULATORS, etc. 


1.65 
1.65 
1.65 
.95 
.95 
95 
1.00 
1.00 
1.00 
.95 
1.65 


LM340K 15 1.25 LM 723 E 
LM340K 18 1.25 LM725N 2.50 
LM340K24 .95 LM739 1,50 
78L05 #5 LM 7418-14) .25 
78L12 75 LM 747 1.10 
| | 78L15 5 LM1307 125 
78M05 -75 LM1458 .95 
LM373 2.95 LM3900 .50 
LM380 (8-14 Pin) 95 LM 75451 65 
LM709 (8,14 PING.25 NE555 50 
LM711 .45 NE556 95 
NES65 a5 

NE566 1.75 

NE587 1.35 


7889 Clairemont Mesa Boulevard, San Diego, California 92111 
(714) 278-4394 (Calif. Res.) 


All orders shipped prepaid 


Open accounts invited 


Discounts available at OEM Quantities 
All IC's Prime/Guaranteed. All orders shipped same day received. 


24 Hour Toll Free Phone 1-800-854-2211 


California Residents add 6% Sales Tax 


No minimum 
COD orders accepted 


Total Order 
$35 . 599 
$100 - $300 
$301 - $1000 

$1000 - Up 


SPECIAL 


DISCOUNTS 
Decuct 


556 
10% 
1555 
20% 


American Express / BankAmericard / Visa / MasterCharge 
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PolyMorphic Video Interface 


Video Checkers on Cassette for 


Compu-Quote has developed several 
games on cassettes, recorded in the 
Tarbell format and programmed in MITS 
BASIC. 

Contained on one cassette is Video 
Checkers, which produces checkerboard 
graphics on a video display when used 
with the PolyMorphic Video Interface 
and 64 character option. The game plays 
under MITS BASIC (3.1). Two versions 


Low Cost Business Software Package 


This new, low cost general business 
software package for microcomputers 
inciudes general ledger, accounts receiv- 
able, accounts payable, finished goods 
inventory control and payroll. The 
Grimes Business Information System 
(GBIS) is specifically designed for small 
businesses. In a typical application the 
GBIS can store up to 400 customer 
listings, 50 vendors, 400 line items of 
inventory, 25 employee records and 
60 general ledger accounts on a single 
minifloppy diskette. Requiring only 
24 K of memory, the GBIS is a system 


INFO 2000 Disk Systems Fully Software 
Supported for 8080 and Z-80 


INFO 2000 Disk Systems owners 
may now utilize expanded software 
for both 8080 and Z-80 microcom- 
puters. Previously, the INFO 2000 
Corporation offered 2-80 based software 
only for their disk systems, but have 
increased the disk operating software 
capability using Digital Research CP/M. 


June 1378 OQ BYTE Publications Inc 


of the program on one 60 minute 
cassette play a challenging game which 
conforms to international rules. The 
first version requires a total of 16 K 
of memory, inclusive of 8 K BASIC. The 
second version is more graphic and 
requires an additional 4 K. 

The checkerboard is pictorially dis- 
played on the video monitor. As the 
player and computer each take turns, 
the checkers blink and move to indicate 
their passage. Kinged pieces are identi- 
fied on the display and messages appear 
at the right of the board relating to each 
move. In accordance with international 
tules of the game, the program will not 
accept illegal moves and warns of their 
entry. 

Included with Video Checkers is a 
9 page instruction book. The author of 
Video Checkers has invited purchasers 
of the cassette to add enhancements to 
the program. Therefore an entire pro- 
gram listing is included. Video Checkers 
and manual may be ordered for $10 
from Compu-Quote, 6914 Berquist Av, 
Canoga Park CA 91307.8 


Circle 648 on inquiry card. 


in which receivables decrease book 
inventory, payables increase book inven- 
tory, and general ledger accounts are 
updated automatically. GBIS is written 
in North Star BASIC, although other 
disk BASIC languages can be used for 
the listings. There are 51 programs with 
120 pages of documentation. A GBIS 
Users Group has been formed entitling 
purchasers to updates as they become 
available. The cost is $200 (include 
$2.50 to cover postage and handling). 
The package can be obtained from The 
Computer Mart, 633 W Katella Av, 
Orange CA 92667.8 
Circle 649 on inquiry card. 


Among the software packages which 
operate under CP/M are two full versions 
of disk BASIC, including Microsoft 
Extended Disk BASIC (4.41), priced 
at $350. Also available is a Structured 
Systems Group QSORT at $95. This is 
a high speed, general purpose sort pack- 
age. A name and address maintenance 
system, called NAD, includes mailing 
labels, and is priced at $79. The manu- 
facturer states that all software is cur- 
rently available for immediate delivery 
for use in INFO 2000 Disk Systems. 

Still available for Z-80 systems is 
the complete TDL software package 
including 12 K BASIC, macro assembler, 
Z-TEL text editor and word processor. 
INFO 2000 has expanded this software 
to operate under CP/M and Zapple 
operating systems. The entire software 
package is priced at $215. 

All INFO 2000 software is designed 
to operate on INFO 2000 Disk Systems 


Z-80 and 8080 Business Programs 


Structured Systems Group announces 
a series of business programs designed to 
run on the 8080 or Z-80 processors with 
the CP/M operating system. All software 
comes fully documented. The following 
products are being offered: 

General Ledger (GL) is a comprehen- 
sive system designed for professional 
accountants and small businesses. Any 
number of custom charts of accounts 
may be set up to handle single or multi- 
ple departments. The system verifies 
data interactively. Report formats and 
headings may be customized. Documen- 
tation is included, and no prior com- 
puter knowledge is required. Written 
in CBASIC, the GL system costs $995. 

The Name and Address (NAD} 
system maintains files and allows selec- 
tion on all fields for printing labels, 
reports, or new files. NAD js docu- 
mented and written in CBASIC. The 
price is $79. 

QSORT is a fast full disk sort and 
merge program featuring automatic 
operation, multiple sort keys, and 
complete backup. In 8080 code, the 
price is $95. 

CBASIC is a comprehensive, commer- 
cially oriented compiler and interpreter 
including full disk access, a PRINT 
USING feature, 14 digits of precision, 
and an 85 page manual. The price is 
$99.95. 

For more information, contact 
Structured Systems Group, 5615 Kales 
Av, Oakland CA 94618, (415) 
547-1567.8 


Circle 650 on inquiry card. 


New Natural Language Operating System 


NLOS is a phase oriented natural 
language operating system. Information 
in the form of sentences entered into 
the system is broken down into phrases 
which are classified both gramatically 
and by the type of information they 
convey. This is made possible by a 
dictionary of phrases maintained by the 
system in programmable memory. 
Hardware requirements include any 
8080 or Z-80 processor, audio cassette 
tape interface, a serial IO board and a 
minimum of 12 K of programmable 
memory. NLOS/1 comes with a fully 
documented set of assembly language 
source listings with commentary on 
possible ways to use NLOS/1. The price 
for NLOS is $200; it can be obtained 
from Cybermate, RD #3, POB 192A 
Nazareth PA 18064.m 


Circle 651 on inquiry card. 


which employ the PerSci 277 dual 
diskette drive with intelligent controller. 
The disk system is available for all 
Altair (5-100) microcomputers using 
Z-80 or 8080 processors, for Digital 
Group Z-80 and 8080 systems and for 
the Heathkit H8. Contact INFO 2000 
Corp, 20630 5 Leapwood Av, Carson CA 
90746, (213) 532-1702.8 
Circle 852 on inquiry card. 


ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809 
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STATIC HAM BOARDS 
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KIT $59.05 
DATA COMMUNICATIONS ADAPTOR BARE BOARD $30 00 
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4 Cete ien ira ler End paniy KIT ....... $8395 


JADE VIDEO 


INTERFACE KIT 
FEATURES $99.95 


` nr 37 00 Bis Companble AOR dry ariniy ied lui documenta 
TM f pE haratters per line PRICES ret) ned sa Wa ai 540.95 
" ^ 

nA Sd rophics, [1128 a 48 matrix] ue ohh D Ee pe om S279 05 
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THE PROM SETTER 


WRITE & READ 


EI 


Powerful UEM ingluded for 
REAL TIME CLOCK FOR £490 BUE 
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haracier, ete, 


Upper case, lower case & Greek EMME Cru Decir EPROM 
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13 slot — w/front panel stot 
BARE BOARD $35.00 
KIT $95.00 


22 slot $149.95 
ASSEMBLED & TESTED 


Wines iere ates 
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COMPUTATIONAL FUNCTION 
Manpage ned 10 be cariplimanied Dy Baler art 
ame te [ree up memnry Pages ded cared 10 [ini 
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JADE 8080A KIT 
$100.00 xir 


BARE BOARD $30.00 


KIT ..... $270.00 
ASSEMBLED ...... 3375.00 


Ea. Pott Mea 


SEP Cab triw STER n i245 Aen 
BOUM w $m c ELE E 


BANK AMEAICARD van um i apos ts 


CONNECTORS Fg DEIN son 


DE - 25P $3.00 
258 $4.00 


COVER $1.50 


44 Pin — PC & EYE . 
44 Pin — WW $2.50 
86 Pin — (6800} PC $5.00 
86 Pin — iCOSMAC ELF) $5.00 


Computer Products 


KIM—1 


ASSEMBLED & TESTED $245.00 5351 West 144th Street 


LAWNDALE, CALIFORNIA 90260 
(213) 679-3313 


MEMORY PLUS RETAIL STORE HOURS: Monday - Friday 9—7 
for KIM—1 AMERICAN Saturday 9—5 


8K RAM 121L02! ESS È Discounts available at OEM quantities ADD $1.50 


PC 8K EPROM d Ane . ) 
. - er 10 lbs. for shi In alifornia residents ad 
t00 P (Altair) PC $4.50 EP r E un bs. fo pping. Califo d d 
100 Pin — (Imsai) PC $3.75 ASSEMBLED & TESTED EM 6% sales tax. 


100 Pia — (Lmsail] WW 


$245.00 NEW CATALOG NOW AVAILABLE 
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a Mates with E P 
T] S0 C K ET da, poste on biles il Tor 
JUMPERS feces tert o t 

of & or 15" length. 
Part No. 
924003-18R 18° 


Length Price 
924003-06R & 
924005-18R 1a" 
924005-06R a” 
924006- 18A 18" 


ag JUMPE 
HEADERS 


Par Ho. 
923863-R 
923873-R 
923865 -A 
923875-R 
923B66-R stiaight 
923876-R right angie 


ig INTRA- CONNECTOR 


Provides dolh straight and right angle functions Mates 
with standard 10" x .10" dual row connectors (I.e. 3m. Ainsley, 
atc.) Permits quick lesting ol inaccessible lines. 

Part No.: 922576-26 Wo. of coniecta: 26 Prica $6.90 sa 


INTRA-SWITCH 


Permits Instant fine-by-line switching for chagnostic or QA 
lesting. Switches actuated with pencil or probe tip. Mates with 


Solder to PC boards tor instant 
plug-in access via socket-connector 
jumpers. .025" sq. posts. Choice 
of straight or righ! angle, 
Mo. of Posts Angle 

6 Straight 
right angle 
straight 
right angle 


Price 
$1.28 ea 
152 ea. 
194 ea. 
2.30 ea, 
2.36 ea. 
2.82 ea 


CPU 
Ceu 
CPU 
8-Bi Input Output 

Prignty tnterrup! Convo! 
Bi-Drrecuonal Bus rwar 
Clock Generator D:wer 
System Controller Bus Driver 


USEA MANUALS 


COP 1802 Manual 
280 Manus 
2650 Manual 


SHIFT REGISTERS 


Quai 25 Gt Dynamic 

Duai 50 £t Dyramic 

Dua 16 Ba Stance 

Dual 100 Bi Static 

Dual 106 Git Sunc 

Qual 64 fu Accumulator 
1024 Ba Accumutator Dynastic 
500/512 Bd Dyrarme 
Qua! 5QQ/$12 84 Dyrame 
1024 Dynamic. 

Mex 32 Ba State 

Hes 40 Ba Sute 

Dual 132 Bt Stanc 

512 Oyname 

1024 Dyrame 

Dua! 256 Ba Sunc 


9$13(?140) Character Genenitot (upper cate) 

251343001) Character Generator (tomer case) 
H Orwaciar Generator 

MMS230N — 2048 B Read Oniy Memory 


Arsi0 3x auo UMTS 


MICROPROCESSOR COMPONENTS - 
$19 35 ZBO CPU 


2650 


MCEBO0 
MESS QAPI 
MCB820 
MCGB?! 
MC6530L8 


128 X B Static Ram 

Penph Interface Adapter 
Penph intertace Adapter 
1024 X 8 8t ROM 
Asychromous Camm Adaptet 


$8 RIRIBRIBO 


eRe on-o0oce-caveor- 


2222255 Saas 


Sahe J00ns Low Power 
Statie 


ç 
DYNAMIC 16 PIN 
OYNAMIC 16 PIN 


MM5262 

MK4027 (UPQ414) — AK 
MKATtG (UPO416} 18K 
THS4044-45NL 


- 
2m 


& wu nwv 


U8SS08BSEBEDSUSISAZEESEEEE SEE 
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Tr State Sipotar 
Open C bootar 
TT Open Collector 
TTL Open Cotlectar 
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s 
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lar the deat s^ gades, i i$ Prec ol tried Weel ntt anc vs Guill anth egare dan 


99| iati aliye pacts 


Data Transmission Mathes . 


Receive Channel Frequencies .. 


Traetemit Channel Frequencies 


Receive AMAN 
Traagmil Level 


Receive Froquancy Tolerance 
Digttal Data (ntertare . ... 


Power Requirements . 
Phytical....., 2 


> tenax 


a Feeney Stitt Keymg (ul dupes Ihi -dupipi 


- A$ytithtgnous Seral (return bó matk Mel ntuired 
between pacti AMIN] 

2025 Ht or space, 2225 Hr [or mars 

Sich seectati e Low inoumalk 
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‘x the 3° Hand 


$9.95 each 


"Leaves two hands Iree ior 
working 

* Clamps on edge of bench, labia 
or work bench 


* Position board on angla or flat 
position lor soldering or clipping 

* Sturdy, aluminum construction 
lor hobbyisl, manufacturer or 
school roams 


standard 10" x ,10" dual-row connectors. Low profile design 
Switch buttons recessed Io eliminate accidental switching. 
Part Ho.: 15-26 Ho. ol contacts: 26 Prica $13.80 ca 


-a CRYSTALS 


CES THESE FREQUENCIES ONLY 


FREQUENCY 
1.0008H2 
1.8432MHz 
Z QOUMHz 
2.010MHz 
2.500MHz 
3.2768MH2 
3.579545MMz 
4.000MHz 
4.916MH? 
5.009MHz 
5 185MH: 

5 144MiHz 

6 400MH2 
8,5536MHz 
10 QQ0MHz 
14 31818MHz 
18 000MHz 
18 432MH? 
CY22A 20 QUOMHz 
CY30A 32 DIOMH? 


74" mounting holes 


SPECIAL REQUESTED ITEMS 


D ONLY MISCELLANEOUS, 
MNCNORES 
MCMBS?!. $1350 
MCMES74 — 1350 
MOMBSTS — 1350 


TELEPHO! 

KEYBOARD CHIPS 
AY-S-8100 $14 95 
AY $9200 1495 
Av.5-9500 495 
AY-5-237b — 14 95 
HDD165 7 95 
740922 995 


PARATRONICS - 
Logic Analyzer Kit ` 
Model 100A 777 a£ gia 


$229.00/kit [IIITTIT) 
» Analyzes any lype of digital system "ue " 


e Checks data rates in excess of 8 

milhon words per second s . 
e Trouble shoot TTL. CMOS, OTL, ATL e Some applications are 

Schottky and MOS families — Troubleshooting microprocessor 
e Displays 16 logic states up to 8 digits wile address. «siruction. and data fiow 
e See ones and zeros displayed on your — Examine contents at ROMS 

CRT. octal or hexadecimal format — Tracing operation p! control logic 
e Tests cucuis under actual aperating conditions — CAM auner and shill 
» Easy lo assemble — comes with step-by-step construction — "FUISIer operahon 

manual which i pages ic analyz ing — Monitoring 1/0 sequences 

ibis mt ne i Veritying prope: System operations 

during testing 


(Model 100A Manual - $4.95) 
Model 10 Kil - 


PARATRONICS TRIGGER EXPANDER - Model 10 
81140late — $2.95 


Adds 16 additional tis. Provides digital delay and qualification of input clock 
and 24-bit ingger word. — Connects direct to Model 1004 for integrated unit) Mode! 17 Manual — 


SELS 


mon 
1ICM7208 
ICM 7207 
ICM 7206 
ICM7209 


i 95 
19 95 
7H 
19 95 
595 


MCTAOMB — 575 9990 


LONO HI $25 Dls 
73 
3595 


a Bngnt 6 Digit LED Daptar 


MCAD16(74416] 
4N33 v» Tenes to 58 maies 59 59 secon 
Controlied 


CASE 
HC33 
HC33 
HC33 
HC33 
HC33 
HC33 
HC33 
HC18 
HC18 
HC18 
HC18 
HC18 
HC!8 
HG18 
HC18 
HC18 
HC18 
HC18 
HC18 
HC18 


PART NO. 


Madai 100A Model 10 


simts 3215 a y 14 oun 
æ Uses 3 Penkde Cats 
$39.95 


rit Kit — 
$49.95 


aasa "m Assembled — 


Heavy Outy Carry Cate $5.95 


Stop Watch Chip Only (7205) — $19.55 


3¥2DIGIT DPM KIT 


Pom md Mdb ct t 
«iuo 
RRARAR 


CY18.43 


a. hee nn oan 
APR RRRRRRRS 


e New Bipolar Unit 
e Auto Zeroing 
e 5" LED 


e Auto Polarity 

e Low Power 
s Single IC Unit 
Model KB500 DPM Kit $49.00 


Model KB503 5V Power Kit $17.50 
JE700 cLock 


Shed z wW. 
heet adapter and externa 1 EN 


t 2-10¥ gewer supply 


MAC $134.95 


$229.00 


$19 gpa: 
365 1H 
255 187 
21 158 


$205 $15) 
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sent 
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Seni 
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3Yr-Blgil Partabis DMM 


a Ovena Prostcied 
* 3 tup LED Msp 
e Gantry of AC opetiion 
* Ayia di 
s Ime Ya D! atm resalutam 
e Üvtrange rco 
e 10 meg mput ungendrace 
o OC Accuracy Y*« tytrcal 
Amgos: OC Votage - 0-1000V/ 
^£ Voftage 0-1000V 
fie; Rescome S0 400 Hd 
DCAC Currant 0-100 
Resslance 9-10 meg ohm 
fre 63 244 02 
Accessories: 
AC Adapter BC-28 — $9.00 
Rechargeable 


100 MHz 8-Digit Counter 


e 20 H2-100 MHz Range o four power souces. i v 

© f LED Gsptay balenes 110 or Z20V with 

e CrysascaMoled Dvnebase cnaige 12V. wr auto 

e fully Automate 

= Portable — coeplemly 
seit contamed 

e Sue — 17537387 
155r 


ACCESSORIES FOR MAX 100: 
Mobile Charger Eliminator 


Batteries BP-26 29.00 | Charoer/Eiiminatar 


Carrying Case LC-28 7.50 ] use iiovac Modi! 100 — CAI $9 95 


63-Key Unencoded Hexadecimal Encoder 


YECHI 
MPCS 
— 
P223 


pa-pft-an 
mn-none-pn 
pm-in 
o" ngre-ar 


TOGGLE 
a (Printed Drs b 


PUSH BUTTON 
seid 


PUSH BUTT Sige 
Minature M5103 


Ate Byte atten nul 


FBt23 
PRLS 


manane 


SPOT 
SPOT momentary 


momentiry open 
momeniary closed 


JE803 PROBE 


Vie Cog: Prob ^ 4 umt auch s Hi [he mort! part 
indespen poke on page Shounen ge Leenks 
Tli OTi ATL CMOS it geimi 10e pomer a 
meets to operale Guetty GN of the crood wader 
MAC dave d scant IO mA man n uses a MAN? 
At)Góul tQ MAKA any OF the igang states Si 
these syrtibols iHi FLOW) s PRSE P Trp 
Probe can detect ege trequenty pulers o 15 Me 
M can! be wsed at MOS kereh or tacut damaqe 
jew nesot 


Bpndp 4 patch 
Wonge 7 gach 


2068 Wom tip B seach 


1/16 VECTOR BOARD 


01 Hote Spacing P-Patigen 
Pant Ha Ü 


EAPAS OG2XXEP. 


Model 2800 
$99.95 


Corrers wath test 
le3d$ Operabmg munad 
and soot tuse 


Model 100 — CLA 53.95 


PHENOLIC 


EPOXY 
GLASS 


$9.95 Per Kit 


printed circuit board 


TAL 5V 1A Supply 
Vos soa Amta "T1 paar Log a u* ye we va 
18 dC. 
FOL Ae cry TD mae ^ "^ pay fd 


FAC D Se anm eI (pene ud. ret 2er 


""^ JE225 $9.95 Per Kit 


EPDX'* GLASS 
LOPZEH CLAS 


169P44 QG2'WECT 


Model P180 include: 2-100" spools 228 Hm 
wiro wrap wi 


This is a G3-key, terminal keyboard newly 
manufaciured by a large computer manufac- 
turer. It is unencoded with SPST keys, unat- 
tached to any kind of PC board A very solid 
molded plastic 13 x 4" base suits most applica- 
ton. IN STOCK $29.95/each 


$5.00 Minimum Order — U.S. Funds Only 
California Residents — Add 6% Sales Tax 


GSG 


19-key pad includes 1-10 keys, | ^^ 
ABCDEF and 2 optional keys and a PROTO BOARD 6 
shift key $10.95/each $15.95 

(& longX 4 wdet 


Supplies ingalatad wire tram soon to wrap pnits vedhoudtr PORTON 
pem atu precatiini usi "darsy chain  methead 


Model P180 $24.50 


Replacement wire-wrap 
| REPLACEMENT WRAP BIT wire for P180 #28 AWG 


for P180 Siit N Wrap loko of 3) $2.75 each 
No.P180A $12.95 each |wz&-z-A grees —— W2t-2-B red 


yi28:2-C cinar W28-2-D blue 
INSTRUMENT; 


PBiQO -45 x6 
FB101* 58 x45 
PB102 = 7" x 4,5" 
PBI 9 x6" 
PRIM -9,5" x 8 
PB203 - 8 75 x 6*2 x 24 
E PB203A - 9 75 x Gla x 2% 129 95 


P2305 Power rappel 


PROTO CLIPS 
14 PIN S450 
16 PIN 4.75 
24 PIN à 50 
4D PIN 13.75 


Spec Sheets — 25¢ 
1978A Catalog Available—Send 354 stamp 
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(415) 592-8097 


MAIL ORDER ELECT. RONICS - - “WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 
Advartised Pricas Good Thru June 


WEN | PHONE 


ANE 


Mi UH dti 


mE Fy 
fun rT 


Compate with red herm 
d x £4 x1-906 
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SNT400N 
SHTSDIN 
SM7ADON 
SHNON 
SHIN 
S87405N 
SN?406N 
SR740?N 
SNACK 
$N7409N 
SN7A10N 
SNNN 
SHT412H 
5N7413N 
Sata ay 
EIE 
Sati 7N 
SN7420N 
SKTA21N 
SH427N 
SN22& 
ShiTA25N 
SNT4DUN 
SN7AZIN 
SN 25. 
SNT430N 
$N74328 
SNHY'N 
SN7438h 
SN7439N 
SNT440N 
SN?441N 
SNHM428 
SNT4AM 
SHIAAN 
SN7AA5N 
SN 45H 
SHTAATN 
SNIEN 
SN7A50N 
SHI451N 
SNT453N 
SHAAN 
SH?449À 
SHARON 
SH7ATOR 


CUSIP) 
Thangs 
CC teu, 
C046 
t03007 
COH 
C010 
eus 
com 
DESIT] 
DIM 
pans 
Cosi: 
1 Deua? 
101018 
peng 
Laven 
cpa 
Lines 
EI 
Lda 
Ki 


7400 TTL 


SNT472N 
5N7473N 
SN7474N 
SN7475N' 
S874764. 
SNTATSN 
SNT4808 
SW7AIIN 
SN4EXI 
SHTANSH 
5N1490N 
SNIABON. 
SNT480N 
SMTASIN 
SNIN 
SAyH 
SN?43AN 
SNT495N 
SN7496N 
SNT4STN 
SNTA HIN 
SN741078 
SNTA1058 
SNTA1 15M. 
SN74121N 
S4741228 
58741238 
SN74125N 
SH7AT25N 
$N74132h 
5N741368 
SH24141N 
5741424 
SN74143N 
SH74144H 
SNT4TSN 
58741478 
SN74148H 
SNT4150N 
SNT4151N 
Sh74153N 
SHASH 
SNT4153M 
SNTAYSEN 
SUZA STH 


Ll a x 
IITTLULTIIIELEIEIEPBAIDILELELIIII 


= ^ 
LETEPILTPDEREDPRELPREI 


C/MOS | 


CD4928 
(0«029 
CD1030 
CD10J5 
C01030 
Cage 
C04012 
C03013 
C04044 
CD4045 
C04047 
C04048 
CD1049 
CD4050 
cmas 
CD4053 
£04056 


aih 


SHTa1608 
SN74161H 
SN74162N 
SN7AE63N 
SN74164N 
S874165H 
SN74166N 
5N74162H 
SNT4170N 
SNT6172H 
SHAI TIN 
SH74174N 
SHAT 75 
SN?4176N 
SNT417TN 
SNTATTON 
SHT41809 
SNIMAN 
SHTA182N 
SN74184b 
SN74185N 
SN74180N 
SNTAIEÀN 
SN24190N 
SM74191M 
SN14192N 
SH74190H 
SNI41948 
SN14195N 
5H74196N 
54741978 
SN74198N 
SN?4199N 
SH74200N 
SN14251N 
SNT4279N 
SN742N3N 
SH1428AN 
SN24285N 
SNT4305N 
SN?4380H 
SH74387H 
SNT43508 
SNT4300N 
SH74393N 


coagra 
DAD? t 
CD4p?2 
4475 
Coa: 
Code? 
04093 
¢04098 
MC 14409 
MC13410 
MCHATI 
MCI13419 
MIUR 
MC145065 
MC1450! 
MCtASG2 
MCI4583 
coisa 
CD4510 
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BUGBOOK 


Continuing Education Senes 


THE 555 TIMER APPLICATIONS $6.85 
SOURCEBOOK WITH EXPERIMENTS 
Wowsrd M. Barila WIKU 

hrs oe shows pru whi ita $53 eens and how ba uset Pclode? I orai 
140 varii degn lacaas eqaaions med grips ip cade ready be Qo 
Dry. pmts poer LOSS beronen Ent conti neuie party 
Dinei. egals Jti SA tore iA Pclomobe4 phapa Suig ad 
Amuseer Rao. 


pim ————» 
MABTRUCTOA'S MAHUAL $3.00 
Kaasar dar ewtracben of Bgteot | aMd n ears utile regium. 
Epa rien, tope ona bi further edax]. pAsrtoctrs OI ufo! IPODA t 
pen MAINTA A mult bee aal Lachen eeitituan 


OPAMP MANUAL — br Reward M Wario WAKE $9.00 


AD NENI quos t6 OCHAN Of operon pran Over 25 mper 
manis on Mí pases of Op Amas 


" 


KE I and I! 517.96 per sat} 
p Peter R Moty. Devit Cena, WOMIT) 
Set at tin These Tug 000b cutie Cote UD exphecnenes arhed tb TAN 
The NDER AP 6 wil htt X om weet TT, hoger chant qo wie Dips n Gt 
FEOS etti TucroorDORESO! SystBME Teas I IGET oct thu hasc concaots oí 
AS Wectrb»rs edujeg gates Mg oos. iiber, Deut, dodas, rudi 
tuy; dentare LED trspiays RIM's, ROM s, and mach. mach more 


8U0800K ila 35.00 
fy Prane A. Rom. Devt Q. Lavare, WENYI 


Tas atume wet ntoduo yore to V faidaan ORRT g ihr a enparan 
eiefice between Dai RAA i gud your DTA 7 aho COVES | 
cuiet logos, and thy AS 222€ ninta ntig Partes ceeded 
dot adc ITTY onm 


15. 
Wy Pu M. Baay, David Ù. Lorem, WHT, uwihan A Tis 
Hate a thh booa hai puts ii af kaldar Besdir Sae muc? spite ri 


wq qu Wlem || oona thal yop hava ihe back 
Pd bk Pe BUG BOORS I G 0 belare erpcmeding wih BUCGACON 1u 


and Wi $58.08 pur aot 
ler Orvis Q. Larven, Peter Ft. Rag, mastra A ua 


Captar in opui Etar, BOSOA microcomauM! progamveleg iwi 
HOA weriocemuht imtrfaong A^ mrigrd mperaect fo triinu) 


CMOS-M — OESIGHERS PRIMER 
ANO HANDBOOK Wow expanded versiya 
Starts st base vincture ef CMOS devar ttm g 


COMPLETE MANUAL FOR DIGITAL CLOCKS by John Weiss and John Brooks 
Fansharizes teca or hobbys will basic Theones betind digital clocks includes trouble shogbng guules, basic 
characteristics. ol clocks. soldenmg technmues Clock companenl dats sheols and construction tips 


WIRE-WRAP KIT — WK-2-W 
WRAP e STRIP e UNWRAP ‘g 

» Tool lor 30 AWG Wire 

e Rolt of 50 Ft. White or Blue 30 AWG Wire ~ 

æ 50 pcs. each 1", 2 , 3" & 4" lengths — ` 


pre-sinpped wite. 
$12.95 | jm 
Y y WIRE WRAP TOOL WSU-30 


Ld 
Pp WRAP e STRIP « UNWRAP -$8.95 


WIRE WRAP WIRE — 30 AWG 
25%. min. $1.25 5071.51.95 1001.42.55 1000. $15.00 
SPECIFY COLOR — White - Yellow - Rad - Green ~ Blue - Black 


WIRE DISPENSER — WD-30 
© 50 H. roll 30 AWG KYNAR wire wrap wis $3.95 ea. 
e Culs wire to desired lengih 
e Sirips 1" ol Insulation — Spscily — Blue-Yellow-White-Red 
REPLACEMENT DISPENSER SPODLS FOR WD 30 


Specity blue, yaliow, white or red $1.98 ‘speci 


XA-L555 $1.50 


Micto-Power version of the 


XR2242CP $1.50 


Precisian timing circus tor 


“ue 


DISCRETE LEDS .. 


185° dla xCs56 
Ret 541 — XxC556 


popular 555 Timer and directly 
interchangeable. Dissipates 
ViSth the power and aperaies 
Gown to 2.7 volts Perfect for 
= operation and CMOS or- 


generating timing pulses x» rmi- 
nutes, hours and days ot up to 
1 year by using two. Reduces 
GOSI of time delay circuits. Basic 
555 Tirner wilh buill-in 8-bi 


$852228830225a03222240032 882225 dzuSDR-SERUSSESSS 


Heil 19098 — 2556 


Siem 


Clear 


POLARITY WT PRECE 
Comm Amae -red 270 
$17 Dot Matra -mt 300 
Common Cathoósa-neo Ws 
Commo Cathoda-red ur 
Common Anode-gueen 
Common Anode- 
Common Anode-red 
Common Cathode red 
Common Anode -yetiow 
Common Anode yria 
Comms Cathode-yellaw 
MAN 3620 Commo. Anoóe-orangt. 
MAN 3630 Comme Anade-orenge =i 
MAN 3640 Common Catrode-crange 
MAN 4610 Common Annde-ovange 
MAN 4640 Common Cathode-orange 
MAN 4710. Common Anode rd +1 
MAN 4730 Common Anode ad 
MAN 4740. Common CHhodq red 
MAN 4810. Commot Angós -ye Rem 
MAM 6610 Common Anods -wangi-O D 
MAN 5620 Common Anode orange 


KC556 
xes% 


3 
& 


POLAMTY 
Commoa Camoóy-ornge 
Commen Anode-red-0 D 
Common Anode-red - 1 
Common Cathode -tad-0 O 
Common Calhode-red «1 
Common Anode-red 
Common Cathode red 
Common Anode-red = 1 
Common Culhode -10 
Common Cathode-red 
Common Aande -red 
Common Anode -sed 
Comman Anade-red z1 
Common Anode-red 
Common Cihode i60 = 9 
Common Cathade-red 
Common Cathode-red 
Comman Cathode 
Common Anoda 
Conemon Cainode (ENDSQU) 
Common Anode (FNDS101 
54-7300 437 Sol Dhga-RHDP 
SOBi- 30d 4x ? Sg! Digh-LHOP 


SRuSLSSSSERSSRSSSSSESS 
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Counter 


akan -$19.95 
xR2556 $ 
RRS? 
XR3403 
4RA1386 
XRA15I 
XB4194 
xaa 
XRa202 


$840 "xm 

440 XREN 

440 RR2200 

155 XR2207 

XR2206 

XR2209 

ARN 

a8587CT 125 AR 
XRt310P 130 XR2240 XR4558 
xRM6BMN 38 XR2264 XRAT29 
XR1488 138 MRSA? 


ZENERS — DIODES — RECTIFIERS 
PRICE TYPE VOLTS w 

‘ion 4/900 184005 600 Piv t AMP 
8100 3H4006 800 PIV 1 AMP 
An Q0 164007 1000 Pry 1 AMP 
8100 1435600 200m 
4300 184148 
47100 14184 
13.00 164005 

?8 MATRA 

26 NVH 

?B 1N4735 

28 IN4?38 
él OO inate? 
£100 1N47à4 


dei) m ce a m m 
DEITPRLIIIT 
"3$ — re 
EARRA SENEESE 


OO o a e h O an on ws 
vet o 


EEEH 


r T N4BSA $100  INIIB3 

C2402U 2 MAN 5640 Commen Csthode-oranor-0 O $082-1304. Cewri 
] 5G " E « ga chancer {<4} 1N4DO1 13100 UAT Bt 
Ste e nr | SOLTU 4x ? Sel Digt-Heratecmal tna 1211.00 Ws 
Acie: 1h4003 123100 INDIES 


UL RCA LINEAR CALCULATOR CHIPS CLOCK CHIPS 12100 INIBE 


: 190193 2.15 fener? 311p" Ure SCR AND FW BRIDGE RECTIFIERS 
D TaC195 3 56 MM5725 255 MM5312 495 15A G 400v SCRI 2N1849) $395 
"i 2.48 MM5735 155 MAISI 195 354 @ 6000 SCR 
Pon 135 MM5738 295 | mens 695 1 6A Q 20 SCR 
CIS ? 130 20 MMS316 99 124 @ 50V FW BRIDGE REC 
Tatio 3.25 100 12A 200v FW BRIDGE AEC 


MM5359 295 
= ua pU i 4 so TRANSISTORS zyys: 


MMSE4t 
a 2 28X55 8o — 2N3905 
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30 
w 
wo 
xe 
300 
30 
30 
3m 
0 
we 
400 
400 
40 
400 
Ano 
560 
560 
500 
10 
560 


LMM 
LMIOICH 
IMJA n MIOTA t25 
LNN IMHOT-12 92$ 
LASAN AM3AQT 3$ 
1 MTORCN e LMMOT 18 
LM Jog AM3AQT-24 
1M YORCN LMISGN 
LARIH LMJSICN 
AM 
1M AIC 
SII 
ALOT 

p 9 P 
LIAU 
LM shy 
iM Uus 
(MIS $2 
M20, 11 
M3208 13 
Mane ta 
126. M 
iM! S 
1M3201 52 
(M3205 A 
1483201: 1? 
1843201 15 
14320! 1B 
U42201-21 
1M3238 5 
1903245 
1413398 
ILLE 
14040« 6 
AII A 
„MNOS 1? 
EE 
E ELEIEI 
1 34 24 
want & 

1 MCIAOC 4 
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1a gin LP 
15 pa LP 
18 pn iP 
30 pe bP 
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LMTA TEN RI PR x 2N1192 $100 — 2N40 
VM TAN $ . p 2N3398 $100 2802) 
LM747N MiP M Ti$135 PN3568 An 00 PRESO 
LM74fH 2 pw iP — 45 40409 PN3S69 4n o 2NA0) 
tM a008 3 SOLOERTAIL STANDARD (TIN) «oeiP 63 Eu PSTD? Sanoo — 242 
ir Amas ZN918 283004 Soo WAN 
IION isi P NN Me 2N222 14 2H3705 SIO 2NSOBE 
LMIT2NOH ps 2N2222A MP5705 $10) — 2N5087 
LMMTAN B pn SG "TIENS 2N2360A MPS3106 ?2N5088 
LAAT ASCH H [^ ma 86 $ MPS2158 2NJ107 3N5129 
ME1489 INITIA PN5138 
AMEJSÓN "idis 2N37254 285129 

E Rowe 95 24549 
a : ag "m vv; aon 

a 36 pa WW 159 R 
UAESY t A $0 yn Wy TA $0 VOLT CERAMIC 
LUIH 9 10-49 50-190 19 30-49 50-100 
Mm 50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. int 
hecred 100MM — 120HM — 15 QNM — I&DHM — 22 DUN OMIM — 05 
ASST. 1 5e 


j E 1 j > 1-segment LED driver 

LINEAR 2.00 ; f n anode LEDs S .99 MIEJO LE 
LWAH RPS N » 35 ) PHASE? 3100  Phezap 
LM74BN MianlP 60 40410 MPSiE3BA — SD — 2N4401 
LMIUAM M pn ST 2822 19^ MPS304 $100 INA 
LMEXSIN ipn Sr SOLDERTAIL STANDARD (GOLD) 22369 243705 2NSOBB 

S6 
MCa 16 pn $6 : ZWAM 985134 
(MISSEV wine WRAP SOCKETS {GOLO} LEVEL #3 585210 
tM3053 y x «8 po WW 40 CORNER 
DISC CAPACITORS 

MM SN 27 OHM — 330HM — I9 OMM — 4TOHM — 56 OHM Và WATT 5% — SOPCS Ouf as 


LMTSMN lpt o6 
60388 GH OHM BOUM 100 GHA 170, 0HM 150 OHM E 
INI ASST. 2 Sea BO OHM 270M 270 QUIM 330 OM 320 OHM 144 WATT S^. — SOPES. Inf 12 
Epi ATQOHM SOMA GU OWA BOMM IK T T Cae cane CTORS 
TAS] ASST.3 Sum J% HSK IK 02K OIM QUA WATT SN — SOPCS. M ae 
TEASACH 3w Jm am Se OR Imi 2 


pe ASST.4 — Su. SA 10K 12K 19 16% 144 WATT S% — SD PCS 22mt 3 
754920N : M 
LMT IDH MACH as Hk sae - un 23 mE 28 


LAPIN RÉ4IS1 ASST, 5 bu ee èls Ld CK Dr 144 WATT $^ — SOPCE. n 2 22098 N 


LMT23H pes "ni 5 15K MOX 220 20 Mox a 325v E 
us 2 ASST. 6 Sen 19% ATÓK E 620K 820% 1A WATT Se SOPCS 2 A N25 E 


HLS155 ET] 128 33M TI 21M 2 5.823V 31 
T T ir ASST. 7 $e AN 31M T AM 58M 1A WATT 5". 835v 23 1025Y 35 


t 15°25 x 
Taster ASST. BR includes Resistor Assortments 1-7(350PCS.) $9.95 r^ 


32 — 28 
TALS161 MINIATURE ALUMMUM ELECTROLYTIC CAPACITORS 
FALSEI 745162 Sw 1S 10 AIQSV u 


T4 578 ILSE? Aris! Lasd 
T4155 TUSIA $5.00 Minimum Order — U.S. Funds Only Spec Sheets — 25¢ " reso 14 
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SYSTEMS 


Floppy Disk Based Z-80 Microcomputer 


System 


The AID-80F is a complete disk 
based computer from MOSTEK that 
provides for hardware and software 
development and debug. The heart of 
the AID-80F is the SDB-80 which com- 
bines the Z-80 processor with 16 K bytes 
of on board programmable memory. The 


RAM-80 memory and lO expansion 
board includes 16 K bytes of program- 
mable memory and four 8 bit [O ports. 
The FLP-80 flexible disk drive controller 
board interfaces the SDB-80 with up to 
four drives with soft sector format. An 
optional board, the AIM-80, allows real 
time in-circuit emulation with extensive 
debug, trace and diagnostic capabilities. 
Software programs and features include: 
monitor, text editor, assembler, relo- 
cating linking loader, debugger and a 
peripheral interchange program that 
takes completely unformatted soft 
sector diskettes, formats them to IBM 
370, and records the system software. 
The program also copies files from disk 
to disk, disk to peripheral, or from any 
peripheral to any other peripheral. The 
AID-80F is priced at $5995; each board 
is also available separately. Contact 
MOSTEK Corp, 1215 W Crosby Rd, 
Carrollton TX 75006.8 


Circle 578 on inquiry card. 


Vector 1 Computer Now in 
Rack Mount Kit 


Vector Graphic Inc has announced 
availability of its Vector 1 computer in a 
new rack mount kit. The complete kit 
comprises a card cage, assembled and 
tested 18 slot mother board with 18 
connectors,. card guides and locking 
buttons for 18 cards. The mother board 
is fully shielded to reduce noise on the 
bus. The price is $225. A companion 
power supply kit, designed for rack 
mounting, also is available. The 18 A 
8 V, 2.5£16 V custom supply provides 
power for a full 18 boards. Transformer 
has primary taps for 110 V, 120 V and 
130 V. Price for the supply kit, including 
mounting bracket, fuse and all hardware, 
is $90. Further information may be 
obtained from Vector Graphic Inc, 790 
Hampshire Rd, Westlake Village CA 
91361.8 


Circle 579 on inquiry card. 
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Bytemaster from Digital Group 


Jure 1978 © BYTE Publications Inc 


The Digital Group's first completely 
integrated computer package, the Byte- 
master, features either 18 K or 32 K 
of programmable memory, but will sup- 
port up to 64 K memory if desired. The 
Bytemaster is fully wired to support 
various external peripherals with pro- 
visions for expansion. User options 
include a printer, monitor, and addi- 
tional digital cassette minifloppy, or 
standard floppy disk drives plugged into 
any of the four available 10 ports. The 
unit comes in a metal cabinet mounted 
on a heavy duty metal yoke and is priced 
at $3245 for the top of the line Master 4 
Model (minifloppy, 32 K of program- 
mable memory, fully assembled). Details 
are available from The Digital Group 
Inc, POB 6528, Denver CO 80206.M 


Circte 580 on inquiry card. 


Intel 8085 with PASCAL 


The 85/P, a programmer's workbench 
from Northwest Microcomputer Systems 
Inc, is a complete system which in- 
cludes: 


9 38085 processor with 54 K bytes 
of static programmable memory. 

9 One megabyte of storage In two 
double density Shugart floppy 
disk drives. 

€ 24 by 80 high resolution display. 

© Two serial ports for printer and 
second terminal or modem. 

* A choice of solid oak or walnut 
cabinet. 


The system provides a 700 lines per 
minute PASCAL compiler and inter- 
preter, random and sequential files, a 
screen oriented editor, interactive source 
linked debugger, plus documentation 
and a 90 day warranty. 

The 85/P costs $7495. Delivery is 
quoted at 30 to 60 days, with Northwest 
Microcomputer Systems paying for 
delivery on any order shipped later than 
60 days. A variety of options are avail- 
able, including a complete turnkey 
Screen oriented accounts receivable 
package. The system also supports CP/M, 
FORTRAN, BASIC and 8080 compati- 
ble software. Contact Northwest Micro- 
computer Systems Inc, 121 E 11th, 
Eugene OR 97401.8 


Circle 581 on inquiry card. 


Small Business Computer Systems 


A complete small business accounting 
system, Micro Executive, has been an- 
nounced by Microcomputer Business 
Systems Inc, 1776 E Jefferson St, 
Rockville MD 20852. The system is 
said to include accounts receivable, 
accounts payable, merchandise inven- 
tory, fixed assets inventory, payroll, 
financial reporting, and general ledger. 
The company has announced a computer 
system called Micro Executive I1 which 
consists of an 8080 processor, 64 K 
bytes of user memory, two full-size 
Shugart Associates floppy disk drives 
(Models 801 or 851 for either a total of 
630,000 bytes or 1.2 million bytes of 
secondary storage). The system also 
comes with a Lear Seigler 80 by 24 
video display terminal and a 30 cps 
printing terminal. Optional terminals, 
printers, and hard disk drives are 
available. m 

Circle 582 on inquiry card. 


S100 S-100 EXPANDABLE MOTHER BOARD 


32K STATIC MEMORY BOARD 


DEC LSI-11 16K MEMORY BOARD 


s BUFFERED AND 
STATIC NOISE SUPPRESSED 

a MODULAR e PROM COMPATIBLE 

e ADDRESSABLE TO 128K WORDS 

e MAPPABLE IN 4K INCREMENTS 


e 8.5107 EXPANDABLE BACKPLANE—in 
line male and female connectors enable 
backplanes to be plugged together, or the 
female may be used in place of an extender 
board. 

QUIET— ground plane decouples all signal 

lines. 
RELIABLE—SAE 8100 phenolic body, gold 
contact connectors. 


© Q-BUS—FULLY 


features 

. FULLY STATIC - usable with all DMA devices. 

. BUFFERED - with noise suppressed control inputs. 

. MODULAR - populated in 1k increments. 

. RELIABLE - single source +5V regulator 

. PROM COMPATIBLE - monitors available on request. 


COMPLETE 


$1199*0 "' $11090 


LARGEST 4 FASTEST STATIC MEMORY AVAILABLE 


COMPLETE 
AVAILABLE EITHER iN COMPLETE KITS ‘iT $660 
OR ALREADY ASSEMBLED UNITS WHICH 
HAVE BEEN FULLY TESTED AND BURNED IN. 


ASSEMBLED, 
TESTED & 
BURNED IN 


ASSEMBLED 
$8900 


S-100 EXTENDER BOARD 


with ecennecto 


UNIVERSAL “U DESIGN" WIRE WRAP BOARDS 


ALL BOARDS ARE QC IU GLASS EPOXY HAVE Vcc AND GROUND 
PLANES. PLATED THROUGH HOLES & GOLO PIATLD EDGE CONNECTORS 


BARE BOARD $38"* 


A MUST for trouble- 


25 
" ASSEMBLED shooting your Computer boards $17 


&K $2709» $2969 
16K $4490 $465% 
24K $5800 $612% 
32K $6959? $7409 


PRICES QUOTED ARE FOR 300ns MEMORIES 


UTS AND ASSEMBLED UNITS INCLUDE DOCUMEMTATION 


MAXI SWITCH KEYBOARDS 


Mo. ! BEST ON THE MARKEI 
MICRO CPU CARD WiKH $ 10D Bis! 
OA BOARD REGULAFORS 1015 ALL STAN 
DARD IC SOCKET CONFIGURAI DNS 
1700 + HOLES 
SHE $ ald" 


$2395 


OUR 


No. 2 

UMIVERSAL BOARD FIFS 86 PIN 
SOCKET WIIH OIR CONTACT 
SPACING — MADE BY LEADING COM 
PUIER MANUFACTURER AS IY HOUSE 
BOARD 1600» HOLES 

SIC 4208 at 5087 $795 


NEW 


BUILD YOUR OWN 


LOGIC PROBE 


24 10-97 SMALL SIGNAL DARLINGTONS 
AND 24 LEDS ALL FUNCTIONAL anh 


495 


POWER SUPPLY PARTS 


UNENCODED-MOUNTED ON 6-10 GLASS EPOXY BOARDS-A BLACK 


METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. DIODES 


INAGO I 
IN S063 
IN400? 
IN250 
IN 3905 
BRIDGES 
FAST RECOVERY AVALANCHE BRIDGE 
IN4436 T 200V at 10A $25 
FULL WAVE MINI BRIDGE wtih TAB. TERMINALS 
PR LOF 100V at 124 $3 T5 
5% ZENERS 
1847334 
IN4 739A 
1NA7444 
VOLTAGE REGULATORS 
PLASIE ML IAS 


uA723 VARIABLE 2V [o 3? V 3B. — BBr 
?8LOS5 5Y at 100mA IQ 92 398c 
MOEG 6 at 1 AMP TO 220 ? ac 
PASS TRANSISTORS 

MIE3055 1QA PLASTIC Ade 
2N3055 10A 10 3 Bc 
2N5301 304 TO 3 $135 
PROTECT YOURSELF INSTALL AM ELECTRONIC 

CROWBAR CIRCUIT Ih YOUR POWER SUPPLY 

CROWBAR SCR 02700 400v at ida 


ASCII KEYBOARD 


HAS ON BOARD UV PROM, A MAIN 
KEYBOARD SECTION OF 58 KEYS, A 
HEX PAD OF 15 KEYS AND 16 MORE 
PERIPHERAL KEYS. 89 KEYS TOTAL & 
ASCI] ENCODED for only $9995 


SOV at JA 
200V at 1A 
1000Y ai 1A 

büv at 70A 

SOW at 10A 


No. 1 
-53 key main keyboard 
-10 auxiliary & cursor control keys 
-]1] key numeric pad 
-Bank of 5 auxiliary power and 
control, rocker arm switches- 
one of them lights up. 
$39? 


WIRE WRAP SOCKET CONNECTOR 
FOR NO. 1 KEYBOARD $2% 


No. 2 

-53 key keyboard 

-] auxiliary power/ control 
DPDT rocker arm switch 


$295 


BEIGE METAL FRAME MOUNT FOR 
NO. 2 KEYBOARD $995 


SOCKET CONNECTOR FOR 
NO. 2 KEYBOARD $235 


EDGE VIEW METER 
CHARGE DISCHARGE SCALE READS 20.0.40 
MOVEMENT +60 120mA 
0115 CHMS $249 


4K STATIC RAMS MINIATURE 
16 BUTTON PADS 


414 MATRIS ENCODED $195 


TTL COMPATIBLE 
REED RELAY 


400 OHMS 
$149 7/3975 


BUILD YOUR OWN 
PAPER TAPE 
READER 
LO" CENTER STACKABLE 
PHOTO 
TRANSISTORS 


10/$96 


co.o WIRE WRAP 
SOCKET STRIPS 


MAKE UNIVERSA! 7 PIN STRIP 


END AND SIDE LELET] 
STACHABLE WIRE TOP VIEW 


WRAP BOARDS 


2314 650ns 600i — 15 25 
IMS 40453 4 24005 S00ma fin 595 
HM 472114. 3000s 2000 $1 95 


for thai professional touch CARBIDE DRILL BITS 
for B.C BOARD WORK 
ASSORTMENT OF SIZES FROM NO 55 TO ND. 70 
5MIX/$7*  10MDU$129 100 MIX/$99% 


1.C. SOCKETS 
LOW PROFILE -SOLDERTAIL 


GOLD 
INLAID 


10/31.53 
10/31 88 
10/$1 99 
5/31.69 
$/31.89 
5/$1.99 
4/31 99 


TiN DPTO DEVICES 
10/31.35 PHOTO 
10/$1.43 TRANSISTORS 
10/$1 53 SIMILAR TO TPI EDD 
5/$1.48 4/98c 
5/51.58 
5/$1.69 
4/$1.69 


INFRA RED 
DETECTOR 


ULTRA LOW LEVEL 
Ply 7v $495 


tun tng 
HEWLETT-PACKARD 
JUMBÜO-RED 
HIGH EFFICIENCY 


ON BOARS LED 
6/$109 


SOLAR CELLS 


212cm 130ma 


$159 ea. 10/3990 


EXTREMELY 
SENSITIVE 
LIGHT ACTIVATED 


SCR 
Inggerable by 
llashhgh! at 
several hun 
Ped yards 


$25 


ULTRA 
HIGH 
SPEED 
PHOTG 
DETECTOR 


05s» 
RISE TIME 


$3^ 


SIDE VIEW HIGH INTENSITY 
AED 


LED LAMP 


LXIREME WIDE ANGLE vIEWING 


3/98c  10/$2*5 


PHOTO 
DARUNGTONS 
MÜTORÜLA 


4/98c 


12 PIN aac 
M M gc 


1 uiti 56c STATUS 


INDICATOR 


OF AMPS DIODES TRANSISTORS 


HI-HEL GOLD D/A 


WIRE WRAP 
POST SINGLE 
INS 1 2N2222  |2; | CONVERTER 


2 EVEL WIRE WRAP ?05 10e 

1Q 9« 

su Mie SOCKET PIN | 74) 12c | IN270 2N3904 12e SIGNETICS PUER 
INS 14 NE5008 


uve pp CUM WHA DATA 
IN3600 2N3906 12c un 


NUT 100/5960 — | ucl4s — 39: 
D 1000/$79% | gun TIT: 2N3053 — 49c $995 $235 


b $20 
LIST PRICE 24: LM3900 49t 


TETRET 
NO BACK ORDERS FREE DELIVERY BY UPS oes ous omr 
GA UY SURFACE MAIL. (f. SPECIFIED — CALIF RES ADD 6% SALES TAK 


MONEY BACK GUARANTEE (MOS AND LED DEWCES EXCLUDED) $20 MINIMUM 


FOR UNDER 8 HOUR PROCESSING SEND MONEY ORDER, CERTIFIED OR CASHIERS CHECK 
SORRY! WE CANNOT ACCEPT PURCHASE ORDERS, COD's. PHONE ORDERS OR CREDIT CARDS 


FOREIGN ORDERS 


CANADA PUERTO AICO YS 
POSSESSIONS ADD US $350 ALL 
OfHER ADD WS $700 

IMMEDIATE SHEP PENG OA CHASE 
MANHATIAN FIRS’ CITIZENS 
CASHIERS CHECAS A CANADIAN 
POSTAL MOREY DROERS 


coro EDGE CARD CONNECTORS 


No. 2 No. 3 
SACIB5/2-2 SAC225/2-2 2VH31/ICB6 
SINGLE ROW 18 | SINGLE ROW 22 | 31. SOLDER LUG 
PIN CONNECTOR | PIN — CONECTOR | CONNECTOR WITH 
wiTH O16 CORN WITH 0155 COM | G125' CONTACT 
TACT SPACING TACT SPACING SPACING 


99c 99c 99c 


HIGH VOLTAGE DIODES 
1500Y at | AMP 10731.99 
25004 at 350mA 95c 
GKY at 25mA $1595 
20KY at 100mA 32.95 


SUH MINISTURT 


CRYSTAL 


LEDS 
YELLOW. 
GREEN. Oh 


AMBER 
(SPECIFY COLOR} 


3/88c 


No. 1 


EPOXY 

EG250 

HY5OEL 
SUBMINIATURE 


3-1/2 DIGIT LC.D.'s 


LIQUID CRYSTAL DISPLAY 


F. Reichert Sales 
1110 E. GARVEY AVE. 
W. COVINA, CA. 91790 


DROP INTO ONE OF OUR LOCATIONS 
PORTLAND 
1503) 645 4041 


WIZARD OF PARTS 


B225 SW CIARUS OR  BEAYERTON ORE 
CROLL GUS CNIR WASHINGTON SQUARE! 


LoS ANGELES 
etiki ORY Welt 


LMN ELECTRONICS 


104? E BARVIY AY " COVINA CA 
WIAACT NT & SAN SLADU FWY H 
uL ov BAT IG- 1 LUSEL SoM & WON 


DENVER 
(agis S73 $714 
ELECTRONIC LOLLIPOP 


S622 M BROADWAY DENVER CO 
125 Rp bit AVE + 


No 2 

THEG NATUR D 
I$ NRRL TOR POCKET 
S?ED IMF RENTS 


$335 


No ! 
04° CHARACTER 
WITH CONNECTOR 


$695 


ALL ITEMS SUBIECT TO PRIOR SALE 


PRICES SUMIECT TO CHARGE 
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What's New? 


A Talking Clock 


200 


The TCE-124 Talking Clock, with a 
distinctive male voice, automatically logs 
the time of day in English, German or 
Arabic. The vocabulary of the talking 
clock is produced electronically by a 
custom speech synthesis processor. When 
used with elther voice or device activated 
recorders, the TCE-124 inserts a distinct 
verbal announcement immediately fol- 
lowing each recorded message. Each mes- 
sage is indexed with its own time refer- 
ence. Although developed to be used 
with Omnicron recorders, the Talking 
Clack can be used in other applications 
where continuous or an demand time 
announcements are required. Features 
include: 12 or 24 hour format; visual 
LED display; monitor speaker; 1 W, 
8 ohm audio output; "universal" 10 
control circuits; compact size, For fur- 
ther information .contact Omnicron 
Electronics, POB 623, Putnam CT 
062560.8 

Circle 574 on inquiry card. 


Prevent Memory Glitches 


The Velostat conductive floor mat 
can eliminate electrostatic discharge, one 
cause of computer equipment problems. 
The mat has been designed to drain 
static away from computer operators by 
providing a positive path to ground. The 
manufacturer recommends that users 
wear leather soled shoes. Velostat mats 
are supplied with a 15 foot (37.5 cm) 
ground cord, snap fasteners, and 1 
megohm resistors. Two sizes are avail- 
able: 24 by 32 inches (61 x 81 cm) at 
$28.80, and 4 by B feet (1.2 x 2.4 
meters) at $98.40. Available from 
Alpha Supply Company, 18350 Black- 
hawk St, Northridge CA 91326.8 


Circle $75 on inquiry card. 
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Modem Monitor with LED Display 


This compact signal display device 
can be placed in line between data sets 
and data communication terminals to 
isolate failures. The unit, called the 
Traffic Light, monitors without dis- 
rupting communications activity. Plug- 
ged in line, the monitor uses light 
emitting diodes (LEDs) to provide 
constant status display of seven key 
signals on the EIA R5-232 25 pin 
Business Machine Interface. The signals 
monitored include: transmitted data, 
received data, request to send, clear 
to send, data set ready, carrier detect, 
and data terminal ready. The monitor 
also has a spare LED circuit that can be 
used to show the status of any other 
signal. It provides test points for oscillo- 
scopes, meters, and !ogic probes to the 
seven displayed signals, the spare circuit 
signal, and logic ground. All LED dis- 
plays and test points are grouped logi- 
cally: signals originating in the data set 
(modem) are grouped on one side of the 
circuit board; signals originating in the 
Business Machine and the spare circuit 
are grouped on the opposite side of the 
board. The unit is covered by a one 
year warranty on both parts and labor 
and is priced at $89. It can be obtained 
from Sorbus Inc, 150 Allendale Rd, 
King of Prussia PA 19405.8 


Circle 576 on inquiry card. 


Backgammon, the King of Games, for Your Computer 


Gammonmaster |l, the latest entry 
in the computerized games market, pits 
your skill and ingenuity against the 
computer at backgammon. Gammon- 
master || is a self-contained, portable 
backgammon game programmed to 
recognize and defend itself against all 
the strategies of the game: running, 
blocking, blot hitting contest, back 
and semiback games, bearing off strate- 
gies and combinations of these basic 
techniques. Electronic rolling of the 
dice ensures randomness of play. The 
computer displays each of its moves 


koya. da" 


ST CL EN A 
(83M 
5b18B 
9 10 1I l2 
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electronically while recording your 
moves. You chart the game with regular 
pieces; the location of every man on 
the board can be verified at the touch 
of a button. The optional doubling 
cube feature allows the tournament 
backgammon player to compete against 
the computer at multiple point games. 
The opponent may double the com- 
puter, or the computer may double its 
opponent. Gammonmaster I] is available 
from Tryom Inc, 23945 Mercantile Rd, 
Cleveland OH 44122 for $199,50.8R 


Circle 577 on inquiry card. 


COMPUTER PERIPHERAL & es 
DARTS WORKSHOP 


POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE 
FOR THE ELECTRONIC MAIL-ORDER HOBBYIST! 
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$9999906906906990649099999 u 653862 3" 1000ma zas O L$320R-15V 1,18 |n LM710N 28 * 
GIANT SALE! MICRO-MIMI — Cat. No. Contacts Sale e IC SOCKETS : n 853788 3a” 1200ma 1250 | 2 LMSAQT- TAN 119 n LM723N 42 i 
TOGGLE SWITCHES: 533935 sest sis] $ — OU SNe : (658057 4'  1500ma 1595 | & Gimaaorisy L19 2IMUAPM M 391 
3À, 125VAC contacts or batters oe * 1389] ¢ ^ v e $ OLM340K-SV — 119 n LM145BU 69 
Complete with mounting z Htet eae 145) ©  % Low profile, solder tal. — e 9 o LM340K-12V. 1.19 |3 LMI800M 149 X 
hardware! "Center off = M 652123 B pln minidip $ .17 z EECO 10-POSITION BCD i u LM3430K-15V L.19 | LM3900N a5 
^ 651308 14 pln dip 19 M THUMBWHEEL SWITCH "n n LM322N 1.19 |= Lasoo 1.18 
] Takkk $ 2551309 i6 pindip — 222 & o LM324N ‘99 |7 LM75491 69 
ee RAR eee icio s" e 7 653378 18 pin dip 35 4 {-2-4-% BCH enending? 3 for kx  LM33eN 1.09 |: LM7 5432 25 
iine DE TROL aSKINNY-TRIM t $9999690690€60900900099 Positions Inbeied 0-7, F, i 3 fe * D LMJTTN 1.501: PA263 150 % 
* ohms " m Sos mmwabeis er sealt — - - M pon " al . DL ecd dede hehe dr dee 
$2 i PUE ate vergu re 2 for Si MOTHERBOARD Blick background. Eera nn. [C] COMPUTER GRAPHICS 1: ss 
- ^ ^u (wi and suit "vrbes. Dig x Di x ba". . 
P Nes 3863 25 turn upright, type 64 Y EDGE CONNECTOR ga We crasse ^ 51.49 | ı “JOYSTICK” - $4.5 
1] Noss 3868 iingie turn, fiat. type 63 y ion bins (au each silo), * Four 100M pots! w 540 
. Ine with EMS : ALT : a t 
] ae. Hi 100K Bron du MONS a Vive" bin ente cold | OOOO Ome handie and agn; Ca. No Es 38004. 
a decedere Ta^ ware wrap lends, Open " =| 
Yet ie dt toc dese «nd ar 
** asauuese a angonnsnun ` $2.50 PUE PC fears. n TRANSFORMER Gat. Ho. gurut Y Amps "ous Ed - 
guesnsEuU « MICRO-TONE" a ————— s. SALE d Pet EE MI ow getal eacus $1.98 E 
a LA ` Open framre $2.49 
ba ENCODER 10 AMP POWER TAB SCR’S, piv sace| m |j 653412 L Homa Open frame — $1.95 P 
s UTOPATCH ' 550 SSS| u [] 654029 lY LA Open frame $2.49 ™ 
A KIT TRIACS, QUADRACS! c, n, is ^| O ss4628 ist 1A Meat meae $295 P 
a p Emergency! gs SCR'S 651730 - 200  88| 5 [] 653323 IVT Oma Open frame $195 N 
H æ Family! 6 Order by Cat. No. TRIACS 651448 = 400 :119| 8 . 110VAC Primaries |! #97875 — 1!9* Dumas denlation $1.15 m 
a Friendsl and Voltage QUADRACS 651590 " " 
HE Complete m t "n BEBEEBRHEEENHNHENHSHEERERERREREREERERERERSRERONRUBSSBENN 
lta. own mini-c n ua » 
m apas IBRA Du small IN4000 Epoxy Rectifiers WRITE FOR Terms: Add postare Rated: net 30 


1 ud : KI 
a eh yo muunt Wc mke led 
g ach ule i ` te ih 

Features cnet evel, rS 
s erat entied adigitalls 


Phone: Waketield, Mass. (G17) 245-4829 
Retail: 16-E8 Piel Carmine St. Wakefield, 
MINIMUM ORDER — $6.00 


a Miniature! = 1,5 Amp! 
Order by Cat. Mo. and Type No. 
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POLY PAKS 
CATALOG 


W iontenzed Men M Be D s 2477 aor, So to ter $.65 ; 

WB ascillater i Nol hint glove 1° 652378 1N4602 100 10for .75| FEATURING Y PA 

RAN Mu TIE E EUER 

"Rue 7a. + or: — — 

Rio esame wt $2688 H szar gum s) imo BEST BARGAINS | {consum P.o. B0x942-56 
’ a ui i 1 65 or 1. OBS} 

pete 654087 gg memeumEsSRUHS®  co25n3 IMAQ — 1000 10 fer LAS IN ELECTRONICS | |BE PHONED] LYNNFIELD, MA. 
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DUAL TRACE 


15 MEGAHERTZ $ 39500 
PORTABLE MINISCOPE 


WORIZONTAL 
(TIME fOr) 


TEE PETS 


fd à MODEL MS 715 
E NUNISCOPF 


FEATURES 


€ Time Base - 0.4 microseconds to 
0.5 Sec/ div - 21 settings. 


€ Duai Trace- 2 channel: seperate, 
chopped or alternate modes. 
€ 15 megahertz bandwidth. 9 Battery or line operation. —12 settings. 
€ External and internal trigger. è Automatic and line sync modes. 9 Weight is only 3 pounds. 
From the originator of the Digital Voltmeter. Non-Linear Systems comes the MS-215 Miniscopa. It is a fine 
electronic instrument with a great deal of measuring capability and excellent accuracy. Its design is modern, utilizing 
the latest in low-powered integrated circuits, and it is packaged into the smallest practical size. The instrument fits into 
many briefcases and tool boxes with room ta spara. 
Operating characteristics have been chosen so that tha MS-215 will make all of the measurements needed in 
servicing most electronic equipment. It is field-portabie so its use is not restricted to the bench. 


€ Power consumption less than 15W. 
€ Verticle Gain - 0.01 to 50 volts/div 


SPECIFICATIONS: 


Vartical 
Mode: CHI, CH2, CH1 & CH2 (Chopped) & CH1 & CH2 (Att.) 
The Following Specifications apply to each channel 


10mV/dtv to 5OV in 12 Calibrated ranges, as follows: 
x1-10mV/div to 10V/div in four ranges, each comin- 
vously variable 
x2-20mV/div to 20mV/ div in four ranges, each contin- 
uously variable. 
x5-bOmV/div to 5OmV/ drv in four ranges, each contin- 
uously vairiable. 

Accuracy is 3% 
m $mpedence: 1M ohm shunted by 5O pF. 

Bandwktth: DC/DC to 15 Mhz 26 db (DC to 8 Mhz 13 db). AC, same 

ss DC down to 3Hz. 


Y Axis 
Vertice input: 


Aise Time: Approximately 23 nS @ 1 division deflection. 
Input Voltage: 250 maximum (DC and Peak AC). 
Horizontal 

Mode: Interne) Time Base or External Horaontgl, switch 
selectabia. in the XY mode, verbcal input is through 
CH1 and horizontal input ia through CH2 

Bandwidth: DC to 200 KHz (t3 db). 

Coupling: AC. DC or ground, switch selectable Low frequency 


point on AC is 3 Hz. 

Input Impedence: 1Meg ohm shunted by 50 pF. 
Deflection Factor. 10mV/div to 50V/div in 12 calibrated ranges. 
The ranges can be calibrated with the CH2 gain control 
250V maximum (DC and Peak AC) 

0.1u6/div to 0.5 Sec/divin 21' calibrated ranges. 
na follows: 

x1, uS-0.1u5/diw to 100 uS/div. x2. uS-0.208/div to 
200 uS/div. 
x5, uS-0 BuS/div to 500 uS/div. x1, mS-0.1 mS/divto 
100 mS/div 
x2, mS-0.2mS/ div to 200 mS/ div. xb, mS-0.6mS/div 
1o 500 mS/div. 

nil in four ranges, each continuously variable (Range 
incrementa ar .1, 1, 10, 100.) With vernier in full clock- 
wise position. calibrated time raaturenventa are 
possible, Accuracy is 3%. 


input Voltage: 
Time Base: 


MS-15 Single Trace version of MS-215 


$289° 


FZ 


Terms 


PRIORITY 
TOII A 


Triggering 


letoma: Sweep Iriggered Irom Intarnal Ingger source (In the 
dual treca modes, ihe internal tigger source is CH1} 

Automatic: Trigger source is imema) catibrater frequency. To be 
used H there ur no other trigger source avallabla to 
aynchronize the awaep 

Line: Trigger is derived from line frequency when using the 
bettary charger 

Extemal: Controle function. as for internal triggering (1 Megohm 
Input Impedenca). 

Slope: Selects aync to poslive- or nagative- going waveform. 

Coupling: AC 

Bonaltivity: Less ihan 1 div for internal riggar and less than volt 
for external Irigger. 

Level: Trigger Level control permis continuous adjustmant of 


trigger poini in all modas excepi Auto. 
Intemal Callbrater. A square-wave signal of 1 volt p-p t 6% is provided. 
Frequency la approximately KHT. 


Olaplay 
Graticule: 4x6 diy, each division ie 0.26 inch, Viewing ares 
1.1 °He1 BW 
CRT: Bluish-white phosphar, madium paristence. CAT uses 
howe power filament for tow battery drain. Instant on) 
Power 


On-Board Betterieg: Three saaled, rechargeable ned acid "D" Celis 
Operating Time: Typically 4 hours 
Charging Time Scope Operating: Will cun indediniialy but not reach full 


Non- $ rs. 

External Power: Battery charger 116 vac (220 vac on request). 50- 
400Hz, lees than 15 warts. 

Dimensions: 3.1"Hx64" Wx8.0"D. 

Weight: Threa pounds. 


Environment 
Operating Temperature: OF 1o 40°C 


Bhock and Vibration: Ossigned io with stand normal shock and vibration 
encountered in commercia shipping and handing. 


Ak. 


Accessories 
Furniahed: Tilt stand, battery charger, 2 input cables, and 3 
miniature banana plugs. 
Optional: Leather carrying case and probes 
Warrenty: One year parts and labor, Made in tha U.S.A. 


MS-215 with Rechargeable Batteries 


and Charger 
$395.00 


Leather Carrying Case 


The leather case has 2 separate compartments. One to hok! the stopa, the 
other to hold the charger, probe. shoulder strap, atc. The casa can be worn 
on the belt, or over the neck. 

The snaps used on the case are "one way", thus accidental striking of 
the case ageinst an object wil! not undo the snaps or fat rt be polled off your 
bert 


41-140 $30.00 


Probes 


10 to 1 probe with 10 megohm input. 
Probe uses spring hook tip for sure connection. Compensation network is 
located at the connector rather than at the proba, so as to heap sire and 
weight to a minimum. 

$24.50 


41-141 


Deluxe Combination Probe 
Switchable 10to! /1to! probe with an assortment of probe 
tips to suit any situation. 


41-3495 


$40.00 OFF 


On Any Accesories Purchased 


$34.95 


with MS-215 MINISCOPE, Just 
Send or Mention the COUPON and 
Byte agazine 


ELECTRONICS © 
Seouveda CA, 91343 


VISA. MC GAC check. Money Order CON US Fans Oniy LA residents add 6% sales laa Miti 


mum order $10 00 Orders tess than 575 00 include 10" smpjkng and Rándang excess relunged Jus! in case 


pease niie your phone no 


Sand tor our atest brochure 


202 BYTE June 1978 


"Sorry, na over the counter soles" 
phone orders welcome {213} 893-8202 


Good thru July 15, 1978 


OEM and Ins htyiianal gun vriad 


MS-15 MINISCOPE $ 289.00 MS-15 MINISCOPE 


NLS 


FM 
win 


$¢-5 


With 
Rechargeebía Rechargesbía 
Batanet & Mun & 
hargar arger 
Valt $88 unn $195 


MG 10A 
List $72.00 


LEDU 


289.00 
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Lyris nt precision magnitier 
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., 929.50 


116 ma BOARD 


.042 dia holes on 
0.1 spacing for IC's 


LI 
Phenolic 
PART NO 
64P44-062XXP 
169P44.062XXP 
Epoxy Glass 
FART NO 
5444 OF 
[TITTEN 
IRGA DED 
forma Oe? 


PRICE 


$ 149 
$35) 


PRICE 
$ 1.70 
$210 
$ 4.30 
$ 693 


ACE e All- for fast, soideriess, 
Circuit plug-in circuit building 
Evaluator and testing 


T0590 
$98 awe 1 
Miton 
nuum) 
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MICRO-KLIP 
lor 042 dia holes 
{aN Dowds on tho page) 
1421 pag 100 $159 


WRAP POST 
lar 042 0a holes 
ta» boards D^ tls page? 
Vdd peg 100 $228 

1-46 og 
$1400 
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please icude yout phone no 


MS-15 MINISCOPE $289 


With Rechargeable Batteries & Charger. Unit 


* 15 megahertz bandwidth. 

* External and internal trigger. 

* Time base — .1 microsec. to 0.5 Secidiv - 21 
settings “23%. 

* Battery or line operation. 

* Automalic & line sync modes. 
Power consumption « 15 watts. 
Vartical Gain — 01 to 50 Vidiv - 12 settings 
Viewing sraa 1 1" x 1 35" 
Case 126 2.77H x 6.4/W x 7 5"D, 3 pounds 
Paris & Labor guaranteed ? yes! 


1010 ! 10 meg probe 
o Leather carrying case $3000 


€ MS-215 Dual Trace Version of MS-15 $395.00 
PROBE 1€ with the purchase of SCOPE and 


the MENTION of this MAGAZINE 


| | icto: -j 


3682 3.8"14.5" 
$10 97 


3682-2 6.0'x4.5" 
$9.81 


Universat Microcomputer! ptoces so 
pogboard use with $100 nus Com 
pele with heal unk & Mowatt 53 a 
10 «3/16 

5-9 


$17 95 
8801-1 
Same as B800V except plan tess power 


10-24 


14 
$19 95 137596 — H.Densty Quai-in-Lene 
Plugboard for Wire Wrap 
with Power & Gro Bus 
Epoxy Glass 1/16" 44 


10-24  pincon spaced 156 


ELLL- SEL! Gb 


Wraps ersulgled wre GA O25 «Quee osts 
FQUR TIMES FASTER 


Iso ptr Sar ee t$ pé vem 


e 
NO PRE STRIPPING’ 
NO FRE CUTTING" 
SPOOL FED wife” 

"M MORI wag 0416 oput? Ug 98 D4VU 4 63 M98 
Aer Vt Odd BA E Aow S^Q'd^s C) 4 ior ^ PN 
henge e^bt ^ PE IM Sheers Dei 

ure meie up o “Hee de “eee e 

nias opt 

Term ista amm o iue ros t 
waver A to 


SLIT-N-.WRAP 
WIRE 

MO 26 GAGE INSULATED 
WIRE, 100° SPOOLS 
WC 9^p go 


AS ong A A9 Pè 


Model 
»1 


LIQUID CRYSTAL DIGITAL 
CLOCK-CALENDAR 


* For Auto, Home, Office 

e Small in size (2x2 Ws W) 

* Push bulton for seconds release tor date 

e Cicha mount anywhere edh elne 3€ goutte 
$r2ed tape or VELCRO. incivoed 

© 2 MODELS AVAILABLE 
LCO 10! ponable mode! rune on sertconteinet 
batterses for better than 8 yee 
LCD t0? runs om t? Vol sysiem and is beck 
lighted 

* (CO 10t o LCD 102 
y^ choxe 


$2.00 


..B'' LED ALARM CLOCK 


! 

12 me LED Arm Ciota 

egt BLED Drspiay win iw 01 
iwMicatois and colons Dect 

PIN 10 PIN interface w RÀ 
1C Just a0 switches 

Alarm Depuyand! onty 


$7.95 or 2/$15.00 


PRIORITY 
Ak. 


VISA MC BAC check Money Order 0U US Funds Only 


mum ode: $10 00 Orders tess than $75 00 inciude tO% shipping and hancing excess relunüed Just in Case 
“Sorry, no over the counter sales" 


phone orders welcome (233) 893-8202 


32450 | SPECIAL"! 


)2'* erage 


Mi Dies 


$34.95. <= 


et Lic LA i, h! 
ug $4795 


ELECTRONICS « 


Ap NEW VOLKSMETERS! 


eC 


With LCD Display— 
Excellent Readability in Direct Sunlight! 


ncn 
LM-35 
3% Gae 
$125.00° 


[4 
49lo 
LM-300 
Full three digits 
$99.50* 


FEATURES 


9 Measures DC volts. AC vois. 
ohm end curte 

© Automanc polarity decimal 
and overicad ind«ation 

@ No rero adjusimem and no full 
cate ohms adpest 

9 Large LCO display for essy 
reading vethout imnterpelateon 

Ge Sue 19 H127 Wwx40 O 

€ Parts ond labor quart anteed for 
one year 


i 


ats 
"ae 


PED ienieedan dle I 


Tut Stong Option add 

Leather Case 

JAA NiCad Batty & Charger 

Standard AA-vité Des Orüvula up fo 20 hour GI oper shon 

furcnargeatie H«C Bd bananes and charger und avaabie as Options eoupmeat 
Baiteres not incoded 


Gatteres & Charger 81 00 
wer the purchase of Meter ann 
the menton of this magarine 


RELE PC vecegiacie 22744. coal 
196 ctry peared solder eyelets tes 
gos 

MAC) PC mme 22/44 cont 
15 qus WeeWiptr geo — $449 

5-100 
Gen P C. Edp Concha 

Riot DIP solder tay on. MO spaced 
rows [oe ALTAIR mothe: Boards Fas 
042 du hols $35 
REBT-1 075 


3677 96° 24.5" 


$10.90 
3677-2 5.5" 24.5" 


$9.74 


Gen. Purpose D.L.P. 
Boards with Bus Pattern X 
lot Solder or Wire Wrap. P paein PE tor 
Epon, Gass 1/1867 44 Csi Glass 1/16 

"T 0 et 156 


3662 6.5" x 4.5" SJ wo wem. 


posts t 62 tong) on 258 spaced rows 
o 


goi 6 
Mibi? 025 sq +wrapimgh pests 
t 229069168. 250 stated rows bor wrap 
Le] O DIP solder for ISM mother 
bosrds god Ba 
AGNI- percad smaoer epee! ii. Een 


3652-2 9.5 14.5" 
$11.45 


14 & 16 PIN 
3 LEVEL 
WIRE WRAP 
SOCKETS 


14-T3 100 for 
$30.00 
16-T3 100 for 
$30.00 


50 of ea. for $32.00 


3 LEVEL 
GOLD WIRE 
WRAP SOCKETS 


124 3099 


EPROM 
FACTORY PRIME 


$10.00 EA. 
25 + Call For 
Price 


toe 


y 


x 


$5988T25y55 


——— 


reden nde tn 


SPECIAL 


Men 7777'14CS2 100 for *14** 
16CS2 100 for '16** 
t4 pln CS2 10 lor '2** 
16 pin CS2 810c'2** 
These low cost DIP sockets wil! accep! 
both standard width plugs and chips. 
For usa mih chips, ihe eochats offer a iow 
Qrofie haigh of only 125" above the board 
Thase sockets are end stachable 


MA1003 


CAR CLOCK 


" Green Fluorescent Display Crys- 
lai Tame Base Assembled. jus! add 
Switches and 12 VOC 


24 PIN DIP PLUGS 
WITH COVERS 


e 


37 $1.00 


CA. 9343 


LA tesidenis add 6% sales tax Mine 
Good thru Juty 15, 1978 


OEM and Inshitulional 


Z o0'68z $ JdOOSINIW SL-SIW c 00'682 $ 3dOOSINIW SL-SW STN 


SI-SW SIN  OO0'682 $ 3dOOSINIW SL-SW S IN 


Circle 303 ôn inquiry card. 


VTL jie 1978 


Circle 293 on inquiry card. 


* YOUR BEST BUY IN WIRE WRAP SUPPLIES * 


PRECUT WIRE WIRE WRAP SOCKETS WIRE WRAP BOARDS 


E v9 Wt SR 10248 290-990 IMG 
WH'Y BUY WIRE ON ROLLS m » r3 » = 7 


pu^ 
PRECUY & STRIPPED WIRE 18: . = 


* Fasl- No more cutting & sinpping by hand o 
* Rallable + Good, clean, uniform sirip X 130 
+ Economical - Cheaper than using bulk wire $i 


1% 36822 4x6 Buses on one side 
Precut Wire Buik Wira Yes : 40664 4x6 Buses on both oder 
TOO pes o! X at $82 De SON rona S300 en, Gold Javi Ciosad Enty Saraita 37191  4«6 Blank 


S Ena & Side Bleckabie All prices include 
DO pes ole ar106 Jere. "OU ron at 295 35/0 
Wog Ka t $605 21/2070. Tin socket) and 2-lowel soCkMR Available 


HPCH! 4x4", Buses an bath sides 
3662 4x6 Btank 
3682 Ax10 Buses on one side 


222? 822 ku 
B82 TE5 HN 


1 


37194 4x10 Blank 
4350 heo Buses on both (der 
u 30 Kynar nripped | on each end Length are oversit 8800v  10x5.3 Buses on borh sides 
Wire pecteged m Bish saga’ Add 25t/engi lor tutes INTERCONNECT CABLES IG9PB4 Bux lank 
pe Ribbon cable connectars (or connecting boards lo * 
Font panaia oF board to bowe 


li 


fam 
3 m 
Dain 


res SINGLE ENDED DOUSLE ENDED 


«pe 26 pin 24 pen 


s 3 SOCKET 14 pin Gold WW 
38 pin Gold WW 
307 so SALE! 24 ai Gold WW 


A» in 
CENE 
5^4 
5 


-— 


Gal 


Prices good through 


6/1/78 
when purchased with 
Wire Kit 7 10r #2 


PAGE DIGITAL 
ost ELECTRONICS 


($6 95 Value) 
HOBBY WRAP Ordering Information: 
Model BW 630 " 
Orders under $25 and COD's, add $2 
Batlenes & Charger All others, shipped Ppd in US via UPS 135 E. Chestnut Street 44 
WSU 30 Hend Wrap-Unwrap Steip Too! For Blue Label (Air) or ist Class. add $1 Monrovia, California 91016 


WSU 30M, for Moditied Wr We accept Visa & Mastercharge j 
MC Aaa BTI Erha Bi hi Most orders shipped same day Phone (213} 357-5005 


GERS SOS SSST SASS 


-—ÀÀ" 


Dealer Inquiries Invited 


P.0. Box 4430X Santa Clara, CA 95054 
For will call only; (408) 988-1640 


Same day shipment. First line 2996 Scott Blvd. 


parts only. Factory tested. 
Guaranteed money back. 
Quality (C's and other 
components at factory prices. 

ELECTRONICS 
INTEGRATED CIRCUITS 
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EEEBSDUD6EE 


Pee dn Jedi die e di din 


1t SOCKETS 
Solder Tin Lew Prallis 
PIN 1UP Pf 


ae 
sa 
erg 
ae 
sg 


86 Hr Crystal Tima Bana Kil 
30 MHz Frequaacy Coueler KN 
Presceier Kit to 350 Mha 
COMPUTER BOARO KITS 

BK RAM Board Kit 

åK EPROM Ka 

VQ Boar 


akr 
Extender Board wiconnactar 


BerpEEDEEMEEEER 


zc 


6255 
CDP1802CO 
CDP18020 


CDP1851 3 ii vtt wrap qoid 
6820 


on B 16 pit 33 
2 iwwel 14 p wa .25 
CONMECTORE 

44 pin edge 


100 
100 pn edge VW 


IF una uno) eG ms 
WERRARSESSSSUSEESS 


$8SSRSSRQESSSISBRUS 


M 
18K Static RAM baard fat i 
North Star Fiopey Dist Kit $665.06 
Adddionad Dirva Kit 415.00 


Poratronics 108A 
Ansiyzar Kit en 


Modea 10 Tripger Expander Kt $229.00 
Modal 150 Bus Grabbar Ka — $369 00 


£200 EO ER A NI 


Comores eaters ts 
BRRER 


BASH SeS 
IP Oh CA QN LA EO (A QU 


-u 
Sas 


r 
N825137 


New Cosmac Super "ELF" wiall parts 4.95; Fully wired & tested in Auto Clock Kit Video Modulator Kit $8.95 
RCA CMOS expandable to 64K micro- ya ad be wy =. 10- DC clock with 4-.50" displays. Uses National Convert you! TV set s40 a high quality monitor 
computer w/HEX keypad input and video 59. monthly publication Te. UU per yr. MA-1012 module with alarm option. Includes f without affecting normal usage. Complete kil 
nulput fnr graphics, Jusi turn on and 4K Elf Expansion Board Kit with light dimmer, crystal timsbase PC boards, fM with full instructions. 

start loading your program using the resi- Cassette I/F $79.95 Fully regulated, comp. instructs. Adó $3.95 

dent monitor on ROM. Pushbutton salec- Available on board options: 1K super ROM moni- for beautiful dark gray case. Best value any- . 

Hon of all four CPU modes. LED indicators tor $19.95, Parallel VO port $7.95. RS232 /F B Where. ACA CosmacVIP Kit $275.00 
of current CPU mode and four CPU states. $3.60. TTY 20 ma I/F $1.96. 5-100 Memory I/F Video computer with games and graphics. 


Singla step op. for program debug. Built d z 

in pwr. supply, 256 Aylas of RAM, audio r tiii 78 IC Update Master Manual 

amp. & spkr. Detaled assy. man. w/PC ny Basic for ANY 1 ystem 1978 IC Update Master Manual $30.00 Sinclair 3% Digit Multimeter 
board & all parts fully socketed. Comp. Kansas City Standard Cassette $10.00 Complete IC dala selector 2175 pg. Master rat- bx g INA A 

Kit $106.95. High address display option On ROM Monitor $38.00 M erence guide. Over 42,000 cross references. tt. 120 mv i” ; igne vem 
6.95: Low address display option 9,85; Super Elf owners take 30% oti. Free update service through 1978. Domestic pense PH 2 andi dap. a 
Custom hardwood cab.; drilled front Object code listing or paper tape $5.50 postage $3.50 Foreign $6.00. Final 1977 P s Tye. @ $88 6 
pans! 19.25; Nicad Battery Backup Kit with manual Master closeout $15.00 i 


TERMS: $5.00 min. order U.S. Funds Call residents add 6% lax. BankAmericard and Master Charge accepted. Shipping charges will be added an charge cards. 
FREE: Send for your copy of our NEW 1978 QUEST CATALOG Include 242 stamp. 
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S.D. COMPUTER PRODUCTS........... 


P.O. BOX 266108 DALLAS, TEXAS 75228 


EXPANDORAM 


EXPANDABLE EPROM BOARD 


Low Cost 
15K DR 32K EPROM $4045 WYOUT EPROM l 
"m tua tr Use lerer S708 for 168 of Eprom o THE UL TI MATE RAM BOARD Cassette Ts ) 
$7Tl6 5 for 32K ol Epiem . Interface Kit 


KIT FEATURES: 
] AM Address lings & Data. Buttered 
2 Quality Flaler] thuaugh P.C. Gosek Including 
Sonber Misk and Sdk Screen 
3. Selectable Ural States 
4 ÜOn Board Hegulat aa Previged 
5 Al Sockots Prpeged. Wy Board 


WE CAM SUPPLY 450As 2708's AT $1195 
WHEN PURCHASED WITH BOARD. 


4K LOW POWER RAM KIT 
The Whole Works - $79.95 


Full Bulgred + on board regulated - reduced 


$19.55 


GAX MODEL 
1281,00 
$19 00 


Features Play and jez2r6 ME Standard 2400712400 nz 
Tapes SD0 Baud Fil (I6 Campatisle, Phare toch Coop 
Both 22 fan Cornetior and d Pis Mome Cannerinr 
Cames partially assemolad — Oscillator and pham dozh 
lang pre tuned jo MC Standard Srierter witch vendi 
cassette dala or auribai, ongul data "e miriaproceisar 
LED indicates logi ! level 


Bü* A 5109 COMPATIBLE RAM 
THE 32K VERSION USES THE MOS THE 64M VERSION USES THE MOS- 
TER "Me41I5 RAM AHO HAS E BOARD AND UPGRADE THE SAME TER MRALIG RAM AND HAS IEN 
BOUNDARIES AND PROTECTION & BOUNDARIES AMD PROTECTION & 
MEMORY IM STEPS OF EITHER BK 
VILLES DIF SWITCHES F C. Og Gx AT YOUR OPTION By mere UTILIZES DAP SWITCHES $ 
BOARD COMES WITH SOCKETS FOR OF JGR AT YOUR OFTION BY MERE BOARD COMES WITH SOCKETS FOR 


32K OPERATION FROM SD COMPUTLR PRODUCIS — SK OPERATION 
LOOK AT THE FEATURES WE HAYE BUILT INTO THE EXPANDORAM! 


8K LOW POWER RAM 
$159.95 


FULLY ASSEMBLED AND TESTED NOT A KIT 


n 


Dower consumption uhnzng low power 21,027! * MEMORY ACCESS TIME IS 375 ns * NO WAIT STATES REQUIRED Me TREE Sons Mee an ampa me ae reque 
Süün& RAMS - Sockets provided io" all IC's > MEMORY CYCLE TIME IS 500 ns * NO CYCLE STEALING NÉEDED qua y plated treugn PC Guard, including saidar mass B 
Qualily plated through PC baard * POWER REQUIREMENTS ARE: * ON BOARD REGULATION p^" dip idc lor address geet 
8 YDC 400 MA DC ® CONTROL, DATA & ADDRESS INPUTS a MEME areas 
1B vDC 400 MA DC UTILIZE LOW POWER SCHOTTKY “Add $3000 fas u pen 
—18 VDC 30 MA DC DEVICES 


z50n& FAM operation 
* Aga $ID OD dor 


25063 BAM nperaunn 


* ON BOARD INVISIBLE REFRESH DESIGNED TO WORK WITH Z-80, 
8080. 8085, CPU's 


ADD $50.00 TO ABOVE PRICES FOR FULLY ASSEMBLED AND TESTED BOARDS 


Z-80 CPU BOARD KIT 
Complete Kit $139. 


CHECK THE ADVANCED FEATURES OF OUR 7-80 
CPU BOARD: Expanded set of 158 instructions, 
BOROA software capability, 

— i "7g 


280 STARTER KIT 
LEARN COMPUTERS FROM THE START! 


SIMPLE, STEP BY STEP LEARNING. CONSTRUCTION, 
PROGRAMMING, OPERATION, MEMORIES, INTER- 
FACING, COMPUTING, AMD CONTROLLING WITH 
AUDIO CASSETTE INTERFACE CAPABILITIES. 


Complele Kit includes; Key board and Display; zBO 
Central Processing Uns; Instructions; Operation. Man- 
ual; Learning Guides. 

Features; Powerful Z80 CPU with 158 instructions » 1024 
Bytes (Expandable to 2045 Bytes ON BOARD) of RAM # 
z Bi Directional Input/Output Ports with Handshaking 
* Kansas City Standard Audio Cassetie. Interface for 
Program Storage * Hexaderimal Keyboard and Display 
* Wirewrap area for custom circuitry ® 5-100 Connector 
en board for Memory and I/O Espansion 9 2716/2758 
PROM Programmer *? “ZEUG” Monitor ROM including: 
Memory, Port and Register Examine and Change Com. 
mands; Breakpoints; Single Stag Capatilily; Audio Tage 
Load and Dump; Eeecute user program Commands.) 


Many more unique features, The best computer edu- 


NEW FROM S.D. 
“VERSAFLOPPY'™ KIT 


THE VERSATILE FLOPFY DISK CONTROLLER 
ONLY $149.00 


operation from a single 
SVDC power supply: always 
stops on an M1 state, true 
sync generated on card (a 
real plus feature!), dynamic 
refresh and NMI available, 
either 2MHZ or 4MHZ op. 
eration, quality double sided plated through PC 
board; parts plus sackets provided for all IC's. 


FEATURES IAM 3740 Soft Sectored Compatible. 5-100 BUS 
Compatible for ZAQ ar 8080 Controls up ta 4 Drives (singic 
or double sided). Girectly controls the fotlawing drives. 

I. Shugart SA400/450 Mini Floppy 

2 Shugart $4800/850 Standard Floppy. 

3. PERSC! 70 and 277. 

4. MFE 700/2750. 

$. COC 9404/3406 
34 Pin Connector tor Mim Floppy 50 fin Connector far Stand 
ard Fipppy. Qprrates with modiied CP/M operaling system 
and C Basg Comptler The new "'Versallopoy" from S.D. 
Computer Products provides. complete control jor many at 
the available Floppy Dish Drives, Both Mint and Full m 
*D1)77]B.| Single Density Controller Chip. Listings tor Con- 


* , i trol Software are »ncluded in price cational kit an the market. . . the complele computer 
Add $10. extra for Z-80A chip which allows FD 17718-1 CHIP ALONE $39.95 and educational package for only $139.00. (Available 
4MHZ operation. June 1978). 


INTRODUCING THE SBC-100 
(The Z-80 Based, 5-100 Single Board Computer) 


O.E. M. SPECIAL 


ASK ABOUT SPECIAL OFM OISCOUNTS ON THY SO COMPAT BLF SET 


SOC 100 — SINGLE BOARD COMPUTER $449 00 
$349 00 VERSAFLOPPY'" — FLOPPY DISK CONTROLLER $140 OD 
` FXPANDORAM — 32K RAM $a75 OO 


EACH KIT IF PURCHASED SEPARATELY TOTAL 5973 00 


FEATURES ORDFR AL! 3 KITS TOGETHER FOR 

a No Tran Panel Needed * Programmable Baud Rate $899.00 

* 7-80 CPU (2 or 4 MHZ) © Para'iel Input Pad This Powertul Thrsezome Oporates Together to Form A Complete Computer lor Your System 

*" IK RAM æ Paratiel Output Port 

* 4 ROM/PROM Sockets Inr 4K/8& of Memory * 4 Channel. Timer ‘Counter 

e SYNCHRONOUS /ASYNCHRONOUS Serial 10 wih * 4 Vectored Interrupts 7-80 IN DEPTH DETAIL OF S. D. SALES SPECIAL 


RS 232 and Current Loop Imertace ang Software 


Programming Manual MORO SOMBUTER $9.95 


S.D. NOW HAS SOFTWARE FOR IT'S CUSTOMERS 


MICROPROCESSOR 
CHIPS 


Su? BOS nmn 50 

"LO2 - 253 1159) 

as 9s 8212.1/0 pot ..... 3,50 

IA — 256 8:54 OD 8214 — P.L. C. . ... 12.95 

nD — IK 35 CP/M: DISK OPERATING SYSTEM $99.95 8216 — Mon Invert Bus .. 4.85 

MK 4115 BK 1€ 45 8224 — Cloch Gan... . . 495 

745 DO 256 à 9^ CP M i5 p powerful disk operalihg system whith bap became an industry standard tts compatiblg with severi 8226 — invert Bus .. 2. ,3.95 
disk bosed FORTRAN anti BASICS This package “cludes a CP'M diskette (mimi or full size) adapted far S Ds PIO for Z—80 |... .. 14.85 
SBC 100, vVERSAFLOPPY EXPANDORAM board sel Complete documentation ia inciudéed. | CP/M ia à rep CTC for Z-—80 2l . 14,85 
watered trademark of Digital Research Corp Panta Grave, CA 8228 Sys. Controller . B.20 


8251 Prog. comm. interfaet 10.95 
8255 prog. prep. interlace — 13.50 


27-80' DISK BASED ASSEMBLER . . . 


$69.95 SD MONITOR os . $49.95 


£ —80 re odes manual 


, 8820 Dual Line Reer .. 1.75 
Z— 0A cludes manual 34 95 Runs nn ANY CP;NM based dsk system Assenbles Powerful mon tor far SBC 100 single noard com 8830 Dua! Line Dr. 1,75 
aada CPUS BIT "85 the offical Zieg Mosiek *Tpemomcs Contains ex puters  ncludrs ali VERSAFLOPPY contral tim- 2513 Char. Gan B "750 
ama CPU 8 BI T 6% tense sol of pseudo ons Avadebie on mim or sare Gomes ii 2716 prom Avatame in 4d 6 weeks B83B Quad Bus. Recvr. ` . . 2:00 

full size diskette 74LS138N — 1/6 decoder ,.,99 

VERSAFLOPPY DIAGNOSTIC PROGRAM . . . $24.95 8797 -Hex Tri-State Buffer 1.25 

VERSAFLOPPY'" CONTROL FIRMWARE . . . $24.95 m . 1488/1489 R5232 .- ..1.50 

- fowdes routines whch are helpful in checking oot TR 16028 Uart 3.95 

D02A . IK- 1.5us 3.95 or 10/35. Provides contro! far VEPSAFLODPPY and boots up 3 ask Based system Availabe ut 2708 ar 2758 TR 1863 Uart ` ‘B50 
2708 .8K - 450m4 .. ..14.95 CP/M Tms runs on. £80 BOHO or HOD based mom Utt tt in 


- FD 17718-1 
5204 . AK . s 7.95 


825129 — 18 -250 
2708U BK signetics 650ns . 9.95 


computers Avatable on 2708 or 275B prom 


SUPER FLOPPY SPECIAL 


$ D SALES VERSAFLOPPY $100 CONTROLLER. BOARD FIUS 
SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY 


$449.00 


MK50397 5 Digit elapsed timer , 
MK50250 Alerm clock .. . 4,99 
MKS0380 Alarm chip .. ....2.95 
MK50395 & digit up/dn. count. 12.95 
MK5O02 4 digit counter ...B.95 
MR5DZ1-Cal. chip sq. tot. .,.2,50 


CALL IN YOUR BANKAMERICARD - NO COD's. TEXAS RESIDENTS ADD 

(VISA) OR MASTER CHARGE OR- 214. /" 2T. -0022 © — Guns © 5% SALES TAX. ADD 5% OF ORDER 
-— , FOR POSTA HANDLI . 

TOLL FREE WATTS LINE: / — ) EAS UNDER $1 D 5c HAND 


DERS UNDER $10. ADD 75c HAND 
(All prices subject to change LING. FOREIGN ORDERS - U. 5. 
FUNDS ONLY! 


1— 800—527 —3460 DEALER INQUIRIES INVITED! 


without prior notice ) 
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Unclassified Ads 


FOR SALE: Cromamco Bytmavar with MITS B K 
BASIC + & PROMs $300. With 1 PROM $150. 
MiTS disk boot loadar $30. Multi boot loadar $20. 
IMSAI 4 K static $80. MITS 4 K dynamic $80. 
Ken Roberts, 10560 Main, #515, Fairfax VA 
22030. 1703) 591-6008 or (703) 378-7266. 


WANTED. For Microdata 1600 processor (Reality) 
magnetic tape controller and disk controller and 
core memory boards. Jack Hardman, 140 Forest Av, 
Glan Ridge NJ 07028, (201) 429-8880. 


FOR SALE: COSMAC microprocessor CDP1802 
end 2 2101 programmable memory chips. Get 
started for $20, CPU used tass than 1 hour. Pro- 
grammabie memory new. | also have 10 new 
2101s. $2.50 each or ai! ten for $20. Jeff 
Duntemann, 6424 N Albany Av, Chicago IL 
60645, (312) 764-5069. 


FOR SALE: SwTPC 6800 16 K system with ACIO 
cassette interface, fully socketed, first-class working 
condition, with documentatron, $700, delivered 
within 200 miles. Processor Technology VOM-1 
video board, $125 shipped prepaid. Robert Boyd, 
Woodlawn Av, Kennebunkport ME 04046. 


FOR SALE OR SWAP: Altair 8800 kit micro- 
computer. Prefer ham qgesr. Write or call after 
7 PM. Mantey Nichols, Box 344, Henning MN 
56551, (218) 583-2124, 


FOR SALE. Viatron System 21. It has two tape 
srorage units, a video monitor, a keyboard, two !O 
ports, etc. [t also includes three tapes, two instruc- 
ton manuels, and a technical manual (which 
includes all circuits). Asking $600. P Gabrail, 
209 Highland Av, Syracuse NY 13203. 


FOR SALE 200 CPM Burroughs H122 card 
reader, fair condition $150. You provide trans- 
partation. P Carlson, 103 Drood Ln, Pittsburgh PA 
15237. (412) 367-4632 


WANTED: Any information that you may have 
pertaining to hardywere and software of personal 
computing systems, programming language and 
Interfaces. Any and all contributions gratefully 
acknowledged by correspondence. Am presently 
assigned overseas and have no access to such 
material. David E Feher, Box 22, US Naval 
Communications Station, Fleet Post Office, 
New York NY 09571. 


FOR SALE: Processor Tech Vidao Display Module 
VDM-1 for $160, 2 K Read Only Memory 2 KRO 
for $50. Still in kit form. Includes manuals and 
VOM software. Will sell both for $200. Shipped 
by return mail to first money order. G Briggs, 
6195 Deer Path, Manassas VA 22110. 


IMSAI MEMORY Four programmable memory 
4 A assembled, tested, and burned in $99.95 each. 
These use NEC 2102AL 4 Chips. They are 4K X B 
Static memory cards with write protect in 1K 
blocks. Excellent in all respects, with documenta: 
tion, Cashier's check of money order ta Don 
Johnson, 3139 SW Altadena Terr, Portland OR 
97201, 1503) 246-3139. 


Readers who have equipment, software or other 
items to buy, reli or swap should send in a clearly 
typed notion to That affect, To be considered for 
Publication, an advertisement should be clearly 
noncommercial, typed double ipeced on plain 
whit paper, and include complete name and 
address information, There notices are free of 
charge and will be printed ane time only on a space 
available basis, Insartions should be limited to 100 
word: or jes, Notices can be accephed from 
individual: or bona fide computer urs clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of BYTE, 

Please note thar it may take three or four 
months for an ad to appear in the magazine, Bl 


June 1978 © BYTÉ Publications Inc 


FOR SALE: KSH37 Tech manual and schamatics 
for maintenance and installation, including opto- 
isolator mods, perf orig, $25; HEATH LSI-t1 
manual set, including terminal and punch/readar 
in binders $15; INTERFACE AGE and SCCS 
INTERFACE, vol 1, #1 to prasant, parfact, $50: 
BYTE back issues, $1.75 each: misc sat of micro- 
computer mags, including ROM, PERSONAL 
COMPUTING, atc, the lot for $10; POLY- 
MORPHICS VTi-64 video board asyamblad, $75; 
STAT/MATH/PERT program listings in BASIC, 
$5 each, send SSAE for list; D E Mann, 1201 
N Roosevelt St, Arlington VA 22205. 


WANTED: Original soft LEATHER (not plastic) 
case for HP-35 calculator. Stata price, condition, 
end whether snaps or velcro. John Ball, Oak Hill 
Rd, Harvard MÀ 01451. 


FOR SALE: HP 9830A 32 K (OPT 001] memory 
(B) with following ROMs strings, matrix, ext 10, 
API, APII. plotter. 9871A Printer with form feed. 
11203A BCD interface. Make offer. Hobert Luke 
MD, Dept of Pathology, Maine Medical Center, 
Portland ME 04102, (207) 871.2843 days, 
(207) 883-9998 nights. 


FOR SALE: Altair 680b with complete docu. 
mentation, very little work left to get it up and 
running $200. ! pay shipping. William J Spencer. 
V-2 Div USS America {CV66), FPO New York 
NY 09501. 


FOR SALE: 16 bits plus parity by 8096 words 
per board Texas Instruments memory labeled 
"1103 memory assembly number 226844-000 card 
number 226845-0001 and 8 K logic number 
226846(L)'', includes an board sense amps, clock 
sync etc $100 per board, or al! 3 boards (24 K x 16 
bits) for $250. Contact Robert Monaghan, Dept of 
Anthropology SMU, Dallas TX 75275. 


FOR SALE. Complete Altair 8080s System II 
w/8 K programmable memory, 4 K static, 2510 
interface to COMTER II terminal and cassette 
tape recorder, VDM-1 kit, TV Dazzler kit, 4 slot 
expander board, 8 K BASIC tape papertape VDM 
driver and 5 K BASIC. All documentation in- 
cluded. $2000 or best offer. Barry C Frank, 306 
Oak Rd, Seaford OE 19973. 


FOR SALE Complete microcomputer system, 
new (purchased 12/77), fully assembled. Byte 8; 
Digicomm Byteuser (prom); Cromemco D + 7A 
tO (7 channel analog interface}; Dazzler (color TV 
interface), Byte MPU (processor), SO Sales 4 K 
programmable memory; all manuals. Our cost 
$1300, best offer takes it. D G Linville, 4865 
Pasadena Av, Sacto CA 95841, (916) 485-4050. 


FOR SALE: DEC rack mount building block 
system. Contains two DEC 749 power supplies, 
one DEC 721 power supply, one positiva current 
driver, one negative current driver, twelve plug 
in units as follows. 2 clocks, 2 inverters, 6 delays, 
one flip flop, ona pulsa generator. Comes complete 
with two mother boards capable of accepting 20 of 
the plug in units. Will sell the whole thing for 
$125. Also have Micro Switch keyboard $15; and 
one industrial power supply 5 V 25 A $35. Write 
or call Ron Demcko, POB 243, Richfield Spgs 
NY 13439, [315) 858-1755. 


PET SOFTWARE: Bring your PET alive with this 
interesting collection of games, personal finance, 
teaching, and demonstration programs written in 
BASIC especially for a 4 K PET. Includes black- 
jack, children's math, biorhythm, and 15 other 
programs. On cassette, reedy to load and run. 
Accompanied by written program descriptions. 
All for $15.95. Robert G Schmidt 14 Tinker Ad, 
Nashua NH 03060. 


MOTOROLA 6800 USERS: I have a nifty trace 
program that prints out the results of each step: 
cc, B, A, X, plus the PC, opcode, and instruction 
of the next step. Program locates anywhere in 
memory. A beautiful debugging aid. Uses com- 
bined hardware/software trace and will trace 
through ROM. Works as is on any D2 kit interfaced 
to video or Teletype. Works on any MIKBUG ar 
other system with NMI vector user available, with 
the addition. of 2 ICS. Send $3 and SASE for 
complete listing and instructions. Specify D2/ 
MIKBUG/Other. Lynn Kurtz, 2104 Campa Alegre 
Rd, Tempe AZ 85281. 


FOR SALE: Radio Shack TRS-BD with 18 K, levet 
| and || BASIC. Na manitor cr recorder tut all 
documentation and cables. Best cash piler Mike 
Heck, 167 S Spring Mill Rd, Villanova PA 19085, 
1215) 525.0708. 


WANTED Memorex 3664 of IBM2Z311 disk 
drive. Please reply wa ar mail stating price and 
condition. Also, would like contact wilt anyone 
who owns a Memorex 40 minicomputer and for 
information exchange on its hardware ar soliware. 
P A Williams, 15 Pinny Av, Lower Hure NEW 
ZEALAND 


FOR SALE: IBM 1402 card reader/punch, manual 
included, Best offer ovar $200 or trade for disk 
drive. You pay shipping. Steve Marsh, 5805 Bouldar 
Creek, Austin TX 78724, (612) 926-5497, 


FOR SALE: HAL-MCEM-8080 with keyboard, 
BASIC in ROM, 9 K programmable memory, 
2708 programmer, dual cassette interface & 
power supply. Cost $1200 will sell for $695 
used less than 4 hours. William C Dewbarry, 314 
Interbay Av, Pennsacola FL 32507, (904) 455- 
6644. 


FOR SALE: Control Data 160-4 computer sys- 
tem, B. K by 12 bits core memory, two multiple- 
device IO channels, 350 cps paper tape reader, 
TTY GRPE punch (110 cost, in desk- type cabinet, 
110 VAC, also 1614 10 typewriter interface wiih 
stand, 168-2 auxiliary arithmetic unit, two Model 
601 magnetic tape drives, all documentation, 
soltware on magnetic tape and listed, $pare cards, 
cables. $995 for all. Roger C Buck, 1122 Post Dr, 
Rockford IL 61108, (815) 399-2507. 


FOR SALE: E and L instruments MMD-1 migro- 
computer with MMD-V/Mi memory interface 
board. 4% K of memory on processor board, 2 K 
on interface board. Casserte 1K-C. format Load/ 
Dump PROM included Fully tested and burned 
in. Only 8 months old “Bugbooks’ 4 thru 7 
included. Good machine to learn on and expand. 
Cost me $650; will sacrifice at $485 or best ofler 
Serious inquiries may be sent ra Garth L Bock, 
RR z1 Box 123, LeRoy IL 61752. 


WANTED Any information, especially schematic, 
for UNIVAC core unit, type 9001 03, part number 
4029200-00, serial 2792.B. This core was probably 
used in a UNIVAC 1004 card processor system. 
W E Hefley, 157 Marian Ln, San Jose CA 95127. 


FOR SALE. Quay 2-80 processor, factory assem- 
bled and tested, $250, VDM-1 video display mod- 
ule, factory assembled by Processor Tech, $200. 
SD Sales 4K static memory for Altar [5-100], 
280 compatible, $50. Godbout-Morrow "Smert 
Cassette Interface’ tor three cassettas and HS232 
and 20 mA, $75. CCTV high resolution prolessional 
video monitor, $100. SwTPC ASCII keyboard, 
fully encoded with interface and parity, in cabinet, 
$50. SwTPC power supply unable for Altair 
(5-100), 5 and 12 and —12 V, in cabinet, $50. 
IMSAI 6 slat mother board, $15, Or take all of the 
above with documentation for $750. Eric Schneck, 
426 E 85th St 75D, New York WY 10028, 1212! 
737-6458. 


FOR SALE. One Turbell cassette interlace for 
$85 and one Dalen cassette. interface ICRI) for 
$95. Both operate on popular Tarbell cassette 
biphase interface standard DaJen board is com- 
pletely software and hardware interchangesbie 
with the Tarbell board Gut has switch selectable 
bps rates. Goth fully assembled, sockeated, Altair 
($-100) compatible, and working perfectly. Dan 8 
Parker, 1007 3rd Stree! #3, Davis CA 95616, 
(916) 758.2341 after 6:00 PM. 


FOR SALE: Monroe #326 BETA "Scerentist" 
programmable calculator with Model 392 digital 
tape unit. Tape drive fully controllable by pro- 
gram, permilting automatic read-in of program 
overlays plus automatic storage/ratrieval of dara. 
Features over 100 keyboard scientific funenoens, 
matric conversions, full edit and self-test capa: 
bilities, conditional jumps and nested subroutines, 
and large 12 digit display. Program size can extend 
to 27,000 keystrokes using the tape drive. 
Originally cast $1300. asking $650. In like-new 
condition with full documentation and fitted 
attaché carrying case with key lock. Gene 
Szymanski, 693 Rosedale Ad, Princeton NJ 08540, 
(609) 924-8856. 


IN MAGNETIC ENVIRONMENT 
BECAUSE THERE IS NO 
HIGH VOLTAGE OR 
MAGNETIC DEFLECTION 


MAY BE USED IN 
A VACUUM, 
UNDER WATER, 
HIGH ALTITUDE 


USED FOR CHARACTER 
RECOGNITION FOR 
COMPUTERS WITH 

EXTERNAL CIRCUITS 


VISIBLE 
OR 
INFRA RED 


MINATURE SOLID STATE 


202 VIDEO CAMERA KIT 


FEATURING A...100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 


THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 


ADVANTAGES FEATURES 


* IN THE FUTURE * Sensitive to infra red 
WE WILL SUPPLY A as well as visible light 
COMPUTER VIDEO INTERFACE CARD May be used for IR surveillance 
All clock voltages operate at 6V with an IR light source 
reguiring no adjustments Excellent for standard 
Higher video output signal surveillance work, because 


We supply the power board, so only of light weight and small size 
a 5V 1 Amp power source is needed All components mounted on 
The circuitry has been simplified for parallel 334" x 612" single 
easier assembly sided boards 

Two level TTL output is supplied for Total weight under 1 Ib. 


interfacing 
$349° kır 


Add $75."° to assemble and test 
Add $2.00 Postage and Handling 


, SURPLUS CENTRONICS PRINTERS 
101 — 1,150 
306 — 


We supply all semiconductors, 
boards, data sheets, diagrams, 
rasistors and capacitors, and 
BMM lens. 

Sorry we do not supply tha 
casa, batteries and SV supply. 


*900 


UNIVERSAL 4Kx8 MEMORY BOARD KIT 
$79.95 

32-21L02-1 fully buffered, 16 address lines, an 

bowel decoding far any 4 of B4 pages, standard 

44 pin buss, may be used math F-B & KIM 


EXPANDABLE F8 CPU BOARD KIT 
$99.00 


featuring Faubun PSU 1K-ol static rom, RS 232 
interiace, decumentation, 64 BYTE regge 


4K BASIC FOR FAIRBUG FB 
of paper N $25 00 


Hn 
3E 
J? 
Aa 
3 
BE 
16 
E: 
16 
ROM TASO n 
iC Sen FT AE 
1413 CHARACTER DEN ous 
ISP HEX 32 KIT SA 
EFRO 


PIO! h 15a s d $TAT IC 

Tiri k $588 A STATI Lue 
2112 1 255 « 4 STATIC 
S1B0:21018 dx Draai Mapa n 
1D2N Uy PHORM T 

5204 an PADMA 


mk 
DPHACY H T AD COMVE NTE P 


AP PROTO BOARDS UED FOR 
SOüLDERLESS BREADBOARDING 


th = 128 FIVE-TIE POINT 
e FERMINA $12.50 
$ 2.50 


$10.00 
. $ 2.25 


A WER BOAH 
e248L — 95 FIVE. TIE POI 
MINALS .... 
208R — POWER BOARD .. 


IC TEST CLIPS 
TC-14 — $4.50 TC-16 — $4,75 


CTS 206-8 eight posirion dip swich . 
CfS.208-4 four nomin dip swaich 
LIGHT ACTIVATED SCA's 
TAIA 200v bs 
SILICON SDLAR CELLS 
25" dia matar AM at 500 ma $4.00 


RS232 DE 25P male $2.85 
CONNECTORS DA 258 mar — .$350 


END 358 C.C..4" 5.59. LED READOUTS 
POS BOI ddig DL-704 G.A, 3" S 85 
C.c 8" display $5.95 DL 7470.4, -6" $165 
FND 503 C.C..5" 4 86 FND B800 C.C. 8° $195 
FND GIO Ca, 5° § 38 FMD 80? C.A B” $1.95 
EL-764 3" Qj § .85 


Tamms: FOR Cambridge, Mass. 
Send Check or Money Oriar, 
Include Postage, Minimum 
Onder $5.00, "5 $20.00 


Circle 340 on inquiry card, 


Sen 25€. lor our crialoy lonturino 
Teanwelors ond Rectifíars 
145 Hampshire S1., Cambritiga, Mass. 


PRINTED CIRCUIT BOARD 
212735172 SINGLE SIND IEMs xj 
BOARDA à Us thua areh pyi , 

D 5,$2.60 


7 WATT LD-65 LASER DIODE IR $895 


78 JB20 PRET $ 45 
3h S457 N EET $ 45 
282645 UJT $ 45 
ER 9860 TRIER Fu. HE 4 s10n 
£4 BU28 PHOL CIT $ 65 


MINIATURE MULTI-TURN TRIM POTS 
100, 1K, 2K, BK, 10K, 25K, 50K, 100K, 
200K, BOOK, tMeg, 2Meg, 5.75 nach 3/52.00 


VERIPAX PC BOARD 
Thies RH ap UI irah darte papet Gay 
board, 4 "nB" DRILLED «nd ETCHED 
wich vill Adel ug mo 21 qmjle DA pen ICs 
w B, 16, or LSI DIP UL wah buses fao 
aver Supp! UPC EO Fr oo 


FP 100 PHOTO TRANS 3 40 
RED, YELLOW, GREEN nr AMBER 
LARG "2 591.00 


= LED's 

TIL-118 OPTO-ISOLATOR . ne 75 
MOLEX PINS 10d/$7.00 
1000/$8 OO 

10 WATT ZENERS 3.8, 4 7 5.6, 8.2. 
18,22.100,150 or 200v wa. $ BD 

1 WATT ZENERS 4.7, 5.5,10, 12, 15 
18 or 22V A va. $ .25 
MC68860 MODEM CHIP $8.85 


MCM 5571A 7 x Scharacer gon, $10.75 


Siticon Power Rectillers 
124 Sou 
100 D6 14 ao Er 30 


200, D? 30 kl] 1185 ads — (n0 
4DD 69 1 50 1 4G b 5n 9.50 
600 1! 39 m 1 ar Bod 1250 


EO 15 39% Ki 2 J 1050 16.50 
1900 20 45 110 215 1250 20.00 
SAD 1024-2 RELIK-CIN 1024 ngr ené@log "Bucket 
Dance" shiii rapitter. $1855 


IN 4148 INGIA 


MCA BI OPTICAL LIANT SWITCH 81 50 


REGULATORS 
5. 340K.12,45 


340T.$, 5, 8, 12 
15,18 ar 24V 5 55 
t.35 


P.O. BOX 748 


TRANSISTOR SPECIALS 
2N5233-NPN SWITCHING POWER $ 1.95 
MRF-8004 » CB RF Transistor NPN $ 1.50 
2N3172 MPA S, TO 3 $ 1.00 
201546 PNP GE TO-3. .. 4 
2MAf08 PP S TOK 
2N6056 NPA S TO 3 Dubon 
2NB&O0B6 PNF Si £019? 
2N3137 NPN SAF, a 
2N4D04 PNP GE TO 5 
2NJ819 WEN $1 TO 3 HI 
2M1420 NPN Si TO S4 , 

INITE? NPR Si TO BB 
202222 NPN S TOIR 
243055 NPN 5 TO 3 
2N3904 NP S, TO 92 
2N39DB PAP Se TOF 
INS 796 APH Si TO 220 
2N&61023 PNP $: TU 220 
2MJG63H PNE 5; TOS 


TTL IC SERIES 
J446- .55 74151 
7445 m1535- . 
7447- 14154- | 
MAB- | 7155- . 
a50- . MUT, 
7472- , Hii- 
747- . 74161- 
TdMÉd— — | 
749165- 
74320 H 
74173- 
TATA- . 
74175- 
24178. 
3417?- 
74180- 
74181- 1. 
74190- t. 
M191- 1, 
74192- 
y1- . 
7410- BO 
75325- 
74198— 
74779- . 
74367- . 
75491- 54 
75497- $ 
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ATA CASSETTES $125 


44 Pin Solder Tall .1858'" Connector — $1.95 
MM S387 44 new clock chip which will direetlhy 
dive LED's 12/24 hrs., 1 supnly & alarm $5.95 


NO, 30 WIRE WRAP WIRE SINGLE 
100° $1.40 
ALCO MIENIATIIBE TOGGLE SWITCHES 
VT A 106 SPOT S 1.05 
MTA 2705 OPOT 2. 510170 
MTA 205 P-DPDT CENTER OFF e 1,05 


MSD 206 0. 0P5T CENTER OFF 
LEVER SWITCH " $ 1.85 


SOLID STATE SALES 


SOMERVILLE, MASS. 02143 TEL. 1617) 547-2053 


ue DIP SOCKETS 
A] BRIN .22 24 FIN .40 
E 14 PIN .25 28 PIN ,50 
n] 16 FIN 28 Ag PI 60 
18 PIN 30. 


SANKEN AUDIO POWER AMPS 
Si 110 G 1G WATTS 5 5.80 


220F 35V $3100 
ane 35V 65100 
bU J5V 85100 
Vs tby 553100 
fe tif 20V5 300 
LJUT 38y 4 8100 
4 TUF 15V B/$1.00 


34,8 SERIES 
TALEDY 
AL502 
74L303 
M4504 
TAL5QS 
TAL5OH 
74,500 
Misia 
741511 
0512] 
TAL SiS 
144,570 
240571 
744527 
T4AL578 
TALSI? 
MLSs) 
74,532 
FALSI? 
74,838 


M1tf16? - 
ta S160 - 
TLS 000 ~ 
5152 - 
Masi = 
TÀLÉ TES — 
"(LETS — 65 
JL 5170 — 1288 
74.5173 — 1.10 
TALS174 — 1.00 
MLSS — 
ALS — , 
745191 — 
TALIS? - 
TALES] = 
TALSIS - 


[DEUDITBEREEEETIIO 


= 
"IM 


LSH? — 28 
Musi - 38 
74504 — IB 
1415125 - d7 


THES — 1 4n 
MiCi45BO 1.35 
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WE SHIP OVER 95% 
OF OUR ORDERS THE 
DAY WE RECEIVE THEM 
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Fo det terther imnmrurmargn oa Me products advertiyed m BYTE, Fill our the reader service card with your name and address Thert circle (te 
* dhproprigh atte toc the ddvettisers jon wie t trom tAv dist Add a F3 cent stamp to Ihe curd, then drop it in the mail. Not ant) do you 
Feader Service quit anterrupon Bur Gur ddvertiiers afte er biruged To use the marketplgce provided by BYTE. Thi helps us bring pou a bigger BYTE. 


Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page Mo. 
1 AAA Chicago Computer Center 111 180 Heath 34, CIV 297 PerCom Data 11 
3 Administrative Systems Inc 118 170 Hobby World 177 298 PerSci 63 
4 AJA Software 130 175 IMSAI CIH 299 Persona! Computing '78 89 
6 Alco Electronic Products 180 176 Information Unlimited 133 * PolyMorphic Systerns 21 
10 Anderson Jacobson 69 177 Integral Data Systems 77 301 Poly Paks 201 
11 Apparat 183 179 integrand 137 302 Preferred Positions 181 
15 Apple Computer 12, 13 180 Integrated Circuits Unlimited 193 303 Priority | 202, 203 
'* Art-by-Computer 169 181 International Data Sciences 125 305 Processor Technology 8, 9, 10 
20 Artec Electronics Inc 51 185 International Data Systems 54 306 Program Design 106 
21 ATV Research 181 186 International Technical Systems 179 307 Quest Electronics 204 
25 Atwood Enterprises 184 190 Ithaca Audio 133 * Radio Shack 73 
26 Bit Basement 180 191 J&E Electronics 179 311 Rothenberg Information Systems 123 
35 BITS 59, 96,97, 122, 141, 157 195 Jade 195 312 S-100 128 
* BYTE Back Issues 138 200 James Electronics 196, 197 313 S&H Electronics 183 
39 California Industrial 185 201 Jim-Pak 49 310 Scelbi 36, 37 
40 Canada Systems 131 202 LMN Electronics 199 322 Scelbi/BYTE Primer 65 
45 Central Data 71 203 MACC 152 * Scientific Research 39, 45 
50 Centronics 53 204 Manchester Equipment 181 314 Scope Data 181 
60 Component Sales 186 206 Magnemedia 135 315 SD Computer Products 205 
65 Computer Corner 181 207 Maxi-Switch 61 316 Seattle Computer Products 104 
68 Computer Data Directory 131 309 Micro Comp 183 317 Silver Spur 181 
70 Computer Enterprises 139 208 Micro Computer Devices 55 318 Small Business Computer Magazine 88 
71 Computer Hardware Store 181 209 Microlithics 183 319 Small Systems Services 128 
75 Computerland 6, 7 211 Micro Mart 183 321 Ed Smith's Software Works 136 
72 Computer Mart of MA 120 212 Micromation 15 320 Smoke Signal Broadcasting 75 
73 Computer Mart of NJ 125 213 Micro-Puzzles 179 325 Software Exchange 35 
73 Computer Mart of PA 125 214 Microsette Co 183 330 Software Records 107 
77 Computer Products of America 148 216 Micro Systems Services 109 335 Solid State Music 23 
78 Contemporary Marketing 92, 93 240 Microware 110 340 Solid State Sales 207 
79 Creative Software 179 241 MIJOBE 179 350 Southwest Technical Products CI 
80 Cromemco 1,2 242 Mikos 192 351 Speech Technology 132 
81 Dal Data 145 243 Minicomputer Accessories 105 352 Structured Systems Group 19 
82 Databyte 100 250 Mini Micro Mart 102 353 subLOGIC 127 
83 Datec 183 251 Mini Micro Mart 102 354 Summagraphics 103 
90 Digital Group 29 265 mpi 134 356 Sybex 33 
91 Digital Pathways 126 275 Nationa! Multiplex 87 355 Synchro Sound 94 
95 Digital Research (CA) 83 280 Netronics Research 101 358 Synchro Sound 95 
100 Digital Research [TX] 187 281 New England Electronics 126 357 Szerlip Enterprises 130 
105 Disc 3 183 282 Newman Computer Exchange 134 360 Tarbell Electronics 43 
110 Dynabyte 67 285 North Star Computer 17, 31 370 Technical Systems Consultants 41 
115 Electrolabs 186 286 Northwest Microcomputing Systems 121 371 Technico 79 
120 Electronic Control Technology 127 * Ohio Scientific 24, 25, 26, 27 372 Telecommunications Services 179 
125 Electronic Systems 189 287 OK Machine & Tool 5 373 TransNet 136 
130 Electronics Warehouse 191 288 Oliver Advanced Engineering 132 374 TRS-80 Software Exchange 124 
131 EMM/CMP 99 289 Osborne & Associates 85 376 uPMEM 181 
140 Forethought Products 124 * Owens Associates 181 377 US Robotics 183 
145 Gallaher Research Inc 107 291 Pacific Digital 129 378 Vamp 179 
146 Hamilton Logic Systems 180 202 Pacific Office Systems 192 379 Whales 157 
155 DC Hayes Associates 81 293 Page Digital 204 395 Worldwide Electronics 179 
156 Hazeltine 119 294 PAIA Electronics 137 400 Xitex 108 
296 PCE Electronics 179 405 Xwbek 129 


"Carrespond directly with company. 


GY TEs Dagoing Monitor Box EROM BOMBs 
“Program Your Next EROM in BASIC" 


Article No. ARTICLE PAGE by Steve Ciarcia, page 84, was the winning 
1 Weinstein: A Programmabla Character Generator 14 article in the March BOMB, placing 1.7 
2 Thorson: A Programmable IC Tester 28 standard deviations above the mean. Steve 
3 Tennant: Natural Language Processing and Small Systems 38 will receive a bonus of $100. Second place 
4 Georgiou: Give an Ear to Your Computer 56 was a tie between "User's Report: The PET 
3 Pearce: The HP-67 and HP-97.—— 112 2001" by Dan Fylstra, page 114, and ‘The 
6 Morton: Notes on Teaching with Microcomputers 138 Intelligent Memory Block" by Kenneth 
7 O'Haver: More Music for the 6502 140 . 

B Ciarcia: Talk to Me: Add a Voice ta Your Computer 142 Castleman, page 186, each placing 1.5 
8 Hemsath-Seawright-Ghent-Garrard: Theatrical Lighting Graphics — 153 standard deviations above the mean. Both 

10 Webster-Young: GRAPH: A System for Talevision Graphics 158 authors will receive $50. To find out more 
11 O'Haver: Audio Processing with a Microprocessor 166 about BYTE's BOMB, see the card oppo- 
12 Morgan: A Look at Shugart's New Fixed Disk Drive 174 site. m 


208 June 1978 BYTE Publications Inc 


icrocomputer 


System Solution. 
Announcing the IMSAI VDP-40. 


è Fully integrated video data processor in a 


single cabinet. 


€ Twin floppies, professional keyboard, 


S-100 expansion slots. 


e 24 line by 80 char. CRT, insert/delete, 
programmable font, protected fields, 


inverse video. 


® Handsome flip-top cabinet for easy access. 


Serial and parallel I/O ports included. 


è FORTRAN IV, Extended and Com- 


mercial BASIC. 
€ IMDOS (enhanced CP/M *). 
e ISAM. 


You've decided you want a microcomputer 
system—but what to buy? The component 
system? A computer box here, a CRT box 
there, a keyboard box here, a floppy disk 
box there... Messy! The $695 system? But 
...10 disk; no way to add enough memory 
...and, if you could, it's not so cheap 
anymore, and you still wind up with an 
expensive box collection anyway. Messy! 
The IMSAI VDP-40, a fully integrated 
Video Data Processing system that, in one 
handsome package, combines a profes- 
sional keyboard, heavy-duty power supply, 
twin mini-floppies, multi-slotted mother- 
board and 9-inch CRT at a new low price. 
System Expansion? The IMSAI VDP-40 
was built for you. The extra slots in our 


IMSAI EUROPE Europa Terrassen 


S-100 bus motherboard 

and heavy-duty power supply 

allow almost unlimited expansion. 

Need more RAM? Add up to 4 MByte 
with our Intelligent Memory Manager and 
64K RAM boards. Need more disk storage? 
A controller option of the VDP-40 will 
allow you to expand to nearly 5 megabytes! 
Add a line printer, an IBM-compatible tape 
drive, a MODEM! IMSAI has them all, 
with the interfaces and software to make it 
work for you. The standard of excellence 
IMSAI places at your disposal at a price/ 
performance no one else has put together 
allows you to achieve the full potential of 
your imagination. 


Check us out. 
IMSAI has what you want 
and what you need. Visit your dealer 
or write us directly. Ask about the IMSAI 
VDP-40 and the entire IMSAI line. 


Features and prices subject to change without notice. 
"CP/M is a trademark of Digital Research Corporation. 


IMSA 


The Standard of Excellence 
in Microcomputer Systems 


IMSAI Manufacturing Corporation, 
Dept. EWN, 14860 Wicks Boulevard, 
San Leandro, CA 94577 (415) 483-2093 


8 Rue Jean Engling Dommeldange, Luxembourg 43-67-46 Telex: 1428 


See us at the NCC Show, booth 2860 
Price/Performance no one else has put together. 


Circle 175 on inquiry card. 


l F full advantage of the Hll's power. And 
the H11 is fully compatible with all DEC 

t €^ world © LSI-1] accessories. 
Heath documentation is second to none. 
You get illustrated step-by-step instruc 
most ower u tions on how to build the kit, thorough 
explanations of the software and compre 


hensive operating instructions. If you 
e want to see for yourself, we'll send you 
MmiIicroconn uter the entire manual set (#HM-1100) for 
just $25. And you can apply the cost to 
| the price of the computer. 


With the Heathkit H11, you can enjoy 
power, speed, versatility and potential 
no 8-bit machine can match. And the 
H11 costs little more than lesser 
computers — just $1295 


Don't settle for less than the best. A 
close look in the latest Heathkit catalog 
will convince you that the Hillis the 
best home computer you can buy 


IIXDTLASEES 


DEC, DECUS; PDP 
ind FOCAL are 
registered trade 
marks oi Digital 
Equipment Corp 


Mail ordar, FOB 
Benton Harbor 
Michigan, Reto! 
ice alighily 
TGher 


Prices and 
upecilicatiana 
subjeci ta change 
withoul notice 


Computer hobbyists have always 
wanted the power and speed of profes 
sional machines, MEN | 
But they've had 
to settle for less 
Professional 
machines were L 
loo. expensive 
Not anymore 
Now there's the 


heothkit Hl} 


System Engineered 
Professional performance, kit price. 


The Hll uses Digital Equipment Co: for Personal Computing 
porations 16-bit LSI-1] CPU. Exactly the 
same CPU found in the famous DEC 
PDP-i1—probably the most popular 
commercial and industrial. computer in 
the world. So now a low-cost kit gives 
you the speed, power and throughput 
of the world's most popular professional 
computer 

Software and support, As an H1] 

owner, you have access to an incredible 
range of software — editor, relocatable 
assembler, linker, absolute loader, debug 


Be sure to use coupon program, I/O executive program, dump 
on page 34 of this routines, BASIC and FOCAL. And, by 
magazine to order your joining the DEC user's group (DECUS) 
FREE Heathkit Catalog! you can have access to one of the largest 
why the last bus ru software libraries in the world. And 


there's more to come. Much more 
id Of course, the H11 executes the power 
; ful PDP 11/40 instruction set which in. 
cludes over 400 commands. And the fully 
assembled KD-11F CPU board includes 
4K x 16 bits of memory. The backplane 
accepts up to six additional modules 
| (memory, serial and parallel I/O, etc.) 
odd t Heath will soon introduce a dual floppy 
with a disk operating system to take 


Circle 160 on inquiry card. 


